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(54) QUINOLONECARBOXYLIC ACID DERIVATIVES OR SALTS THEREOF 

(57) Quinolonecaboxylic acid derivatives represented by general formula (I) or salts of these. Preferred are com- 
pounds wherein R 2 represents optionally substituted cycloalkyl, R 3 represents at least one member selected among 
hydrogen, halogeno, optionally substituted lower alkyl or alkoxy, and optionally protected hydroxy or amino, R 4 repre- 
sents hydrogen or optionally substituted lower alkyl, R 5 and R 6 each represents hydrogen, and A represents C-Y 
(where Y represents halogeno, lower alkyl or alkoxy each optionally substituted by halogeno, or optionally protected 
hydroxy). 
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Description 

TECHNICAL FIELD 

5 This invention relates to a quinolonecarboxylic acid derivative represented by the general formula [1] or its salt: 
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wherein R 1 represents a hydrogen atom or a carboxyl -protecting group; R 2 represents a substituted or unsubstituted 
20 alkyl, alkenyl, cycloalkyl, aryl or heterocyclic group; R 3 represents at least one member selected from the group con- 
sisting of a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl, alkenyl, cycloalkyl, aryl, alkoxy or 
alkylthio group, a nitro group, a cyano group, an acyl group, a protected or unprotected hydroxyl group, and a protected 
or unprotected, or substituted or unsubstituted amino group; R 4 represents at least one member selected from the 
group consisting of a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl, alkenyl, cycloalkyl, aralkyl, 
25 aryl, alkoxy or alkylthio group, a protected or unprotected hydroxyl or imino group, a protected or unprotected, or sub- 
stituted or unsubstituted amino group, an alkylidene group, an oxo group and a group forming a cycloalkane ring 
together with the carbon atom to which R 4 is bonded; R 5 represents a hydrogen atom or a substituted or unsubstituted 
alkyl, cycloalkyl, alkylsulfonyl, arylsulfonyl, acyl or aryl group; R 6 represents a hydrogen atom, a halogen atom, a sub- 
stituted or unsubstituted alkyl, alkoxy or alkylthio group, a protected or unprotected hydroxyl or amino group, or a nitro 
30 group; and A represents CH or C-Y in which Y represents a halogen atom, a substituted or unsubstituted alkyl, alkoxy 
or alkylthio group, or a protected or unprotected hydroxyl group, the quinolonecarboxylic acid derivative or its salt exhib- 
iting a strong antibacterial activity against Gram-positive bacteria and Gram-negative bacteria, particularly agaist 
MRSA. 

35 BACKGROUND ART 

Compounds having a quinolonecarboxylic acid skeleton are used as a quinolone type synthetic antibacterial agent 
for curing infectious diseases, but no compound having a carbon-carbon bond between the carbon atom of an isoindo- 
iine ring and the carbon atom at the 7-position of a quinolonecarboxylic acid skeleton has been reported at all. 
40 Norfloxacin, Ciprofloxacin, Ofloxacin and the like which have been widely used in clinic as a quinolone type syn- 
thetic antibacterial agent are not sufficient in activity against Gram-positive bacteria, in particular, MRSA. Accordingly, 
there is desired the development of synthetic antibacterial agents which are effective also against these bacteria and 
have a broad antibacterial spectrum. 

45 DISCLOSURE OF THE INVENTION 

Under such circumstances, the present inventors earnestly investigated and consequently found that the com- 
pound of the general formula [1] or its salt having a carbon-carbon bond between the carbon atom of an isoindoline ring 
and the carbon atom at the 7-position of a quinolonecarboxylic acid skeleton exhibits a strong antibacterial activity and 

so is a very safe compound, whereby the present invention has been accomplished. The compound of the present inven- 
tion is described below in detail. 

In the present specification, unless otherwise specified, the term "halogen atom" means a fluorine atom, a chlorine 
atom, a bromine atom or an iodine atom; the term "alkyl group" means a straight chain or branched chain C 1 . 10 alkyi 
group such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl or the 

55 like; the term "lower alkyl group" means a straight chain or branched chain Chalky! group such as methyl, ethyl, n-pro- 
pyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, perrtyl or the like; the term "alkenyl group" means a straight chain 
or branched chain C-t.^alkenyl group such as vinyl, allyl, isopropenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl or 
the like; the term "lower alkenyl group" means a straight chain or branched chain C 2 -5alkenyl group such as vinyl, allyl 
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or the like; the term "alkylidene group" means a straight chain or branched chain C^oalkylidene group such as meth- 
ylene, ethyiidene, propyl id ene, isopropylidene, butylidene, hexylidene, octylidene or the like; the term "lower alkylidene 
group" means a straight chain or branched chain C^salkylidene group such as methylene, ethyiidene, propyl idene, iso- 
propylidene or the like; the term "cycloalkyl group" means a C 3 _ 6 cycloalkyl group such as cyclopropyl, cyclobutyl, 

5 cyclopentyl, cyclohexyl or the like; the term "cycloalkane ring" means a C 3 _ 6 cycloalkane ring such as cyclopropane, 
cyclobutane, cyclopentane, cyclohexane or the like; the term "alkoxy group" means a straight chain or branched chain 
C-|_ 10 alkoxy group such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, penty- 
loxy, hexyloxy, heptyloxy, octyloxy or the like; the term "lower alkoxy group" means a straight chain or branched chain 
C^alkoxy group such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, penty- 

10 loxy or the like; the term "alkylthio group" means a straight chain or branched chain C-Moalkylthio group such as meth- 
ylthio, ethylthio, n-propylthio, isopropylthio, n-butylthio, isobutylthio, sec-butylthio, tert-butylthio, pentylthio, hexylthio. 
heptylthio, octylthio or the like; the term "lower alkylthio group" means a straight chain or branched chain Ci_ 5 alkylthio 
group such as methylthio, ethylthio, n-propylthio, isopropylthio, n-butylthio, isobutylthio, sec-butylthio, tert-butylthio, 
pentylthio or the like; the term "alkylsulfonyl group" means a straight chain or branched chain C-Moalkylsulfonyl group 

15 such as methylsulfonyl, ethylsulfonyl, n-propylsulfonyl, isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl, sec-butylsul- 
fonyl, tert-butylsulfonyl, pentylsulfonyl, hexylsulfonyl, heptylsulfonyl, octylsulfonyl or the like; the term "lower alkylsulfo- 
nyl group" means a straight chain or branched chain Ct.salkylsuifonyl group such as methylsulfonyl, ethylsulfonyl, n- 
propylsulfonyl, isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl, sec-butylsulfonyl, tert-butylsulfonyl, pentylsulfonyl or 
the like; the term "lower alkylamino group" means an amino group substituted with one or two straight chain or branched 

20 chain Chalky! groups, such as methylamino, ethylamino, propylamine butylamino, pentylamino, hexylamino, dimeth- 
ylamino, diethylamino, methylethylamino, dipropylamino, dibutylamino, dipentylamino or the like; the term "acyl group" 
means, for example, a formyl group, a straight chain or branched chain C 2 _5alkanoyl group such as acetyl, ethylcarbonyl 
or the like, or an aroyl group such as benzoyl, naphthylcarbonyl or the like; the term "alkoxycarbonyl group" means an 
alkoxy -CO- group, in which the prefix "alkoxy" means the above-exemplified straight chain or branched chain 

25 ioalkoxy group, such as m ethoxy carbony I, ethoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl, n-butoxycarbonyl, 
isobutoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, pentyloxycarbonyl, hexyloxycarbonyl, heptyloxycarbonyl, 
octyloxycarbonyl or the like; the term "lower alkoxycarbonyl group" means a lower alkoxy -CO- group, in which the prefix 
"lower alkoxy" means the above-exemplified straight chain or branched chain C-j^alkoxy group, such as methoxycarb- 
onyl, ethoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbo- 

30 nyl, tert-butoxycarbonyl, pentyloxycarbonyl or the like; the term "aryl group" means, for example, a phenyl or naphthyl 
group; the term "arylsulfonyl group" means, for example, a phenylsulfonyl or naphthylsulfonyl group; the term "aralkyl 
group" means, for example, a benzyl or phenethyl group; and the term "heterocyclic group" means a 4-membered, 5- 
m ember ed or 6-membered cyclic group containing at least one hetero atom selected from the group consisting of oxy- 
gen atom, nitrogen atom and sulfur atom as the hetero atom forming the ring or a condensed cyclic group thereof, such 

35 as oxetanyl, thietanyl, azetidinyl, fury I, pyrrol yl, thienyl, oxazolyl, isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyrrolidi- 
ne, benzofuranyl, benzothiazolyl, pyridyl, quinolyl, pyrimidinyl or morpholinyl group. 

The substituent of the lower alkyl, alkyl, lower alkenyl, alkenyl, cycloalkyl, aryl or heterocyclic group for R 2 ; the sub- 
stituent of the lower alkyl, alkyl, lower alkenyl, alkenyl, cycloalkyl, aryl, lower alkoxy, alkoxy, lower alkylthio, alkylthio or 
amino group for R 3 ; the substituent of the lower alkyl, alkyl, lower alkenyl, alkenyl, cycloalkyl, aralkyl, aryl, lower alkoxy, 

40 alkoxy, lower alkylthio, alkylthio or amino group for R 4 ; the substituent of the lower alkyl, alkyl, cycloalkyl, lower alkylsul- 
fonyl, alkylsulfonyl, arylsulfonyl, acyl or aryl group for R 5 ; the substituent of the lower alkyl, alkyl, lower alkoxy, alkoxy, 
lower alkylthio or alkylthio group for R 6 ; and the substituent of the lower alkyl, alkyl, lower alkoxy, alkoxy, lower alkylthio 
or alkylthio group for Y include halogen atoms, cyano group, protected or unprotected carboxyl groups, protected or 
unprotected hydroxyl groups, protected or unprotected amino groups, protected or unprotected lower alkylamino 

45 groups, lower alkyl groups, lower alkoxy groups, lower alkoxycarbonyl groups, aryl groups, cycloalkyl groups, lower 
alkenyl groups, and lower alkyl groups substituted with one or more halogen atoms. The groups for R 2 R 3 , R 4 , R 5 , R 6 
and Y may be substituted by one or more of the above-exemplified substituents. 

The carboxyl-protecting group includes all conventional groups usable as carboxyl-protecting groups, for example, 
lower alkyl groups such as methyl, ethyl, n-propyl, isopropyl, 1,1-dimethylpropyl, n-butyl, tert-butyi and the like; aryl 

so groups such as phenyl, naphthyl and the like; ar-lower alkyl groups such as benzyl, diphenylmethyl, trityl, p-nitrobenzyl, 
p-methoxybenzyl, bis(p-methoxyphenyl)methyl and the like; acyl-lower alkyl groups such as acetylmethyl, benzoylme- 
thyl, p-nitrobenzoylmethyl, p-bromobenzoylmethyl, p-methanesuHbnylbenzoylmethyl and the like; oxygen-containing 
heterocyclic groups such as 2-tetrahydropyranyl, 2-tetrahydrofuranyl and the like; halogeno-lower alkyl groups such as 
2,2,2-trichloroethyl and the like; lower alkylsilylalkyl groups such as 2-(trimethylsilyl)ethyl and the like; acyloxyalkyl 

55 groups such as acetoxymethyl, propionyloxymethyl, pivaloyloxymethyl and the like; nitrogen-containing heterocyclic 
lower alkyl groups such as phthalimidomethyl, succinimidomethyl and the like; cycloalkyl groups such as cyclohexyl and 
the like; lower alkoxy-lower alkyl groups such as methoxymethyl, methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl 
and the like; ar-lower alkoxy-lower alkyl groups such as benzyloxymethyl and the like; lower alkylthio-lower alkyl groups 
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such as methylthiomethyl, 2-methylthioethyl and the like; arylthio-lower alkyl groups such as phenylthiomethyl and the 
like; lower alkenyl groups such as 1,1-dimethyl-2-propenyl, 3-methyl-3-butenyl, allyl and the like; and substituted silyl 
groups such as trimethylsilyi, triethylsilyl, triisopropylsilyl, diethylisopropylsilyl, tert-butyldimethylsilyl, tert-butyldiphe- 
nyl silyl, diphenylmethylsilyl, tert-butylmethoxyphenyl silyl and the like. 

The protecting group for each of the amino group, lower alkylamino group and imino group includes all conventional 
groups usable as amino-protecting groups, for example, acyl groups such as trichloroethoxycarbonyl, tribromoethoxy- 
carbonyl, benzyloxycarbonyl, p-nitrobenzylcarbonyl p o-bromobenzyloxycarbonyl, (mono-, di- ortri-)chloroacetyl, trifluor- 
oacetyl, phenylacetyl, formyl, acetyl, benzoyl, tert-amyloxycarbonyl, tert-butoxycarbonyl, p-methoxybenzyloxycarbonyl, 
3,4-dimethoxybenzyloxycarbonyl, 4-(phenyl-azo)benzyloxycarbonyl, 2-furfuryloxycarbonyl, diphenylmethoxycarbonyl, 
1,1-dimethylpropoxycarbonyl, isopropoxycarbonyl, phthaloyl, succinyl, alanyl, leucyl, 1 -adamantyloxycarbonyl, 8-qui- 
nolyloxycarbonyl and the like; ar-lower alkyl groups such as benzyl, diphenylmethyl, trityl and the like; arylthio groups 
such as 2-nitrophenylthio, 2,4-dinitrophenylthio and the like; alkyl- or aryl-sulfonyl groups such as methanesulfonyl, p- 
toluenesulfonyl and the like; di-lower alkylamino-lower alkylidene groups such as N.N-dimethylaminomethylene and the 
like; ar-lower alkylidene groups such as benzytidene, 2-hydroxybenzylidene. 2-hydroxy-5-chlorobenzylidene, 2- 
hydroxy-1-naphthylmethylene and the like; nitrogen-containing heterocyclic alkylidene groups such as 3-hydroxy-4-pyri- 
dylmethylene and the like; cycloalkylidene groups such as cyclohexylidene, 2-ethoxycarbonylcyclohexylidene, 2-ethox- 
ycarbonylcyclopentylidene, 2-acetylcyclohexylidene, 3,3-dimethyl-5-oxycyclohexylidene and the like; diaryl- or diar- 
lower alkylphosphoryl groups such as diphenylphosphoryl, dibenzylphosphoryl and the like; oxygen-containing hetero- 
cyclic alkyl groups such as 5-methyl-2-oxo-2H-1 ,3-dioxol-4-yl-methyl and the like; and substituted silyl groups such as 
trimethylsilyi and the like. 

The protecting group for the hydroxyl group includes all conventional groups usable as hydroxyl-protecling groups, 
for example, acyl groups such as benzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 4-bromobenzyloxycarbonyl, 4-meth- 
oxybenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl, 1,1- 
dimethylpropoxycarbonyl, isopropoxycarbonyl, isobutyloxycarbonyl, diphenylmethoxycarbonyl, 2,2,2-trichloroethoxy- 
carbonyl, 2,2,2-tribromoethoxycarbonyl, 2-(trimethylsilyl)ethoxycarbonyl, 2-(phenylsulfonyl)ethoxycarbonyl, 2-(triphe- 
nylphosphonio)ethoxycarbonyl, 2-furfuryloxycarbonyl, 1 -adamantyloxycarbonyl, vinyloxycarbonyl, allyloxycarbonyl, S- 
benzylthiocarbonyl, 4-ethoxy-1 -naphthyloxycarbonyl, 8-quinolyloxycarbonyl, acetyl, formyl, chloroacetyl, dichloroacetyl, 
trichloroacetyl, trifluoroacetyl, methoxyacetyl, phenoxyacetyl, pivaloyl, benzoyl and the like; lower alkyl groups such as 
methyl, tert-butyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl and the like; lower alkenyl groups such as allyl and the like; 
ar-lower alkyl groups such as benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyI, diphenylmethyl, trityl and the like; oxy- 
gen-containing or sulfur-containing heterocyclic groups such as tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyra- 
nyl and the like; lower alkoxy- or lower alkylthio-lower alkyl groups such as methoxymethyl, methylthiornethyl, 
benzyloxymethyl, 2-methoxyethoxymethyl, 2,2,2-trichloroethoxymethyl, 2-(trimethylsilyl)ethoxymethyl p 1 -ethoxyethyl 
and the like; alkyl- or aryl-sulfonyl groups such as methanesulfonyl, p-toluenesulfbnyl and the like; and substituted silyl 
groups such as trimethylsilyi, triethylsilyl, triisopropylsilyl, diethylisopropylsilyl, tert-butyldimethylsilyl, tert-butyldiphe- 
nylsilyl, diphenylmethylsilyl, tert-butylmethoxyphenylsilyl and the like. 

The salt of the compound of the general formula [1] includes usually known salts at basic groups such as amino 
group and the like and salts at acidic groups such as hydroxyl group, carboxyl group and the like. The salts at the basic 
groups include, for example, salts with mineral acids such as hydrochloric acid, hydrobromic acid, sulfuric acid and the 
like; salts with organic carboxylic acids such as tartaric acid, formic acid, lactic acid, citric acid, trichloroacetic acid, tri- 
f luoroacetic acid and the like; and salts with sulfonic acids such as methanesulfonic acid, benzenesulfonic acid, p-tol- 
uenesulfonic acid, mesitylenesulfonic acid, naphthalenesulfonic acid and the like. The salts at the acidic groups include, 
for example, salts with alkali metals such as sodium, potassium and the like; salts with alkaline earth metals such as 
calcium, magnesium and the like; ammonium salts; and salts with nitrogen-containing organic bases such as trimeth- 
ylamine, triethylamine, tributylamine, pyridine, N.N-dimethylaniline, N-methylpiperidine, N-methylmorpholine, diethyl- 
amine, dicyclohexylamine, procaine, dibenzylamine, N-benzyl-p-phenethylamine, 1 -ephenamine, N,NT- 
dibenzylethylenediamine and the like. Preferable examples of the salt of the compound of the general formula [1] are 
pharmaceutical! y acceptable salts. 

Of the compounds according to the present invention, preferable are compounds in which R 2 represents a substi- 
tuted or unsubstituted cycloalkyl group; R 3 represents at least one member selected from the group consisting of a 
hydrogen atom, a halogen atom, a substituted or unsubstituted lower alkyl or lower alkoxy group, and a protected or 
unprotected hydroxyl or amino group; R 4 represents a hydrogen atom or a substituted or unsubstituted lower alkyl 
group; and each of R 5 and R 5 represents a hydrogen atom. More preferable are compounds in which R 2 represents a 
cycloalkyl group; R 3 represents at least one member selected from the group consisting of a hydrogen atom, a halogen 
atom, a substituted or unsubstituted lower alkyl group, and a protected or unprotected hydroxyl or amino group; R 4 rep- 
resents a hydrogen atom or a substituted or unsubstituted lower alkyl group; each of R 5 and R 6 represents a hydrogen 
atom; and A represents C-Y wherein Y represents a halogen atom, a lower alkyl or lower alkoxy group which may be 
substituted by one or more halogen atoms, or a protected or unprotected hydroxyl group. 
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Typical examples of the compound of the present invention are, for example, the following compounds: 

1 -Cyclopropyl-7-(isoindolin-5-yl)-1 p 4-dihydro-4-oxoquinoline-3-carboxylic acid, 
8-Chloro-1-cyclopropyl-7-(isoindolin-5-yl)-1 p 4^dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-f luoro-7-(isoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(isoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(isoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-difluoromethoxy-7-(isoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(isoindolin-5-yl)-8-trif luoromethyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
7-(7-Chloroisoindolin-5-yl)-1-cyclopropyl-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(7-fluoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(7-fluoroisoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
• 1 -Cyclopropyl-7-(7-fluoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 

1 -Cyclopropyl-8-dif luoromethoxy-7-(7-f luoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(7-fluoroisoindolin-5-yl)-8-trif luoromethyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(7-hydroxyisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1-Cycloprcpyl-8<lifluoromethoxy-7-(7^^ 

7-(7-Aminoisoindolin-5-yl)-1 -cyclopropyl-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-methoxy-7-(7-methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(2-methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-methyl-7-(2-methylisoindolin-5-yl)-1 ,4<lihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-methoxy-7-(2-methylisoindolin-5-yl)-1 ,4<Jihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-dif luoromethoxy-7-(2-methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(2-methylisoindolin-5-yl)-8-trifluoromethyl-1 ,4-dihydro-4-oxoquinoline~3-carboxylic acid, 
(+)-1-Cycloprc>pyl-7-(1-methylisoindolin-5^ acid, 
(±)-1 -Cyclopropyl-8-methyl-7-(1 -methylisoindolin-5-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
(+)-1 -Cyclopropyl-8-methyl-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
(-)-l -Cyclopropyl-8-methyl-7-(l-methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
(±)-1 -Cyclopropyl-8-methoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
(+)-1-Cyclopropyl-8-methoxy-7-(1-m acid, 
(-)-1 -Cyclopropyl-8-methoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
(±)-1 -Cyclopropyl-8-dif luoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
(+)-1 -Cyclopropyl-8-dif luoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxyiic acid, 
-Cyclopropyl-8-dif luoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyc1opropyl-7-(4-f luoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(4-fluoroisoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(4-f luoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-dif luoromethoxy-7-(4-f luoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1-Cyclopropyl-7-(4-fluoroisoindolin-5-yl)-8-tt^ acid, 
1 -Cyclopropyl-7-(6-fluoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(6-f luoroisoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(6-f luoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-8-difluoromethoxy-7-(6-fluoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(6-fluoroisoindolin-5-yl)-8-trif luoromethyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(4,7-dif luoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(4,7<iifluoroisoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(4,7-dif luoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
1 -Cyclopropyl-7-(4,7-dif luoroisoindolin-5-yl)-8-dif luoromethoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, and 
1 -Cyclopropyl-7-(4,7-difluoroisoindolin-5-yl)-8-trrfluoromethyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid. 

When the compound of the general formula [1] or its salt has isomers (for example, optical isomers, geometrical 
isomers, tautomers and the like), the present invention includes these isomers, and the compound or its salt may be in 
the form of a solvate or hydrates or in any of various crystal forms. 

Processes for producing the compound of the present invention are explained below. 

The compound of the present invention can be synthesized according to, for example, the following production 
processes. 
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R6 0 



10 




15 



20 



25 



30 



35 



40 



45 



50 



55 



[6] or its salt 

1) orthoester or acetal 

2) R2-NH 2 t8] or its salt 

R6 0 

,C02R la 




[7] or its salt 



R5-n: 




CO2R 1 



[1] or its salt 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 and A are as defined above; R 7 represents a hydrogen atom or an alkyl group; X 1 rep- 
resents a chlorine, bromine or iodine atom; Alk represents a straight chain or branched chain alkyl 5 group having 1 to 
6 carbon atoms; X 2 represents a halogen atom; and R 1a represents the same carboxyl-protecting group as for R 1 . 

The salts of the compounds of the general formulas [2], [3a], [3b], [4], [5], [6], [7] and [8] include the same salts as 
those exemplified as the salt of the compound of the general formula [1]. 

[Production process 1] 

(a) The compound of the general formula [1] or its salt can be obtained by subjecting a combination of a compound 
of the general formula [2] or its salt and an organotin compound of the general formula [3a] or its salt, or a combi- 
nation of an organotin compound of the general formula [4] or its salt and a compound of the general formula [5] or 
its salt to coupling reaction in the presence or absence of silver oxide by using a palladium complex catalyst. 
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The solvent used in this reaction is not particularly limited so long as it has no undesirable influence on the 
reaction. The solvent includes, for example, aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
ethers such as dioxane, tetrahydrofuran, anisole, diethylene glycol diethyl ether, dimethyl Cellosolve and the like; 
nitriles such as acetonitrile and the like; amides such as N.N-dimethylformamide, N.N-dimethylacetamide and the 
like; and sulfoxides such as dimethyl sulfoxide and the like. These solvents may be used singly or as a mixture 
thereof. 

The palladium complex catalyst used in the reaction includes, for example, PdCI 2 (PPh 3 ) 2 , Pd(PPh 3 ) 4 , 
PdCI 2 [P(0-toryl) 3 ] 2 , PdCI 2 + 2P(OEt) 3 and PdCI 2 (PhCN) 2 , wherein Ph represents a phenyl group and Et repre- 
sents an ethyl group. 

The organotin compound of the general formula [3a] or its salt can be used in an amount of at least 1 .0 mole, 
preferably 1 .0 to 2.0 moles, per mole of the compound of the general formula [2] or its salt. The compound of the 
general formula [5] or its salt can be used in an amount of at least 1.0 mole, preferably 1 .0 to 5.0 moles, per mole 
of the organotin compound of the general formula [4] or its salt. 

Usually, the coupling reaction can be carried out at 50 - 170°C for 1 minute to 24 hours in an inert gas (e.g., 
argon or nitrogen) atmosphere. 

(b) An alternative process is as follows. The compound of the general formula [1] or its salt can be obtained by sub- 
jecting the compound of the general formula [2] or its salt and an organoboron compound of the general formula 
[3b] or its salt to coupling reaction in the presence or absence of a base by using a palladium complex catalyst. 

The solvent used in this reaction is not particularly limited so long as it has no undesirable influence on the 
reaction. The solvent includes, for example, water; alcohols such as methanol, ethanol, propanol and the like; aro- 
matic hydrocarbons such as benzene, toluene, xylene and the like; halogenated hydrocarbons such as methylene 
chloride, chloroform, dichloroethane and the like; ethers such as dioxane, tetrahydrofuran, anisole, diethylene gly- 
col diethyl ether, dimethyl Cellosolve and the like; esters such as ethyl acetate, butyl acetate and the like; ketones 
such as acetone, methyl ethyl ketone and the like; nitriles such as acetonitrile and the like; amides such as N,N- 
dimethylformamide, N.N-dimethylacetamide and the like; and sulfoxides such as dimethyl sulfoxide and the like. 
These solvents may be used singly or as a mixture thereof. 

The base optionally used in the reaction includes, for example, sodium hydrogencarbonate, sodium carbonate, 
potassium carbonate and triethylamine. Specific examples of the palladium complex catalyst used in the reaction 
are the same catalysts as exemplified in section (a) above. 

The organoboron compound of the general formula [3b] or its salt can be used in an amount of at least 1.0 
mole, preferably 1 .0 to 1 .5 moles, per mole of the compound of the general formula [2] or its salt. 

Usually, the coupling reaction can be carried out at 50 - 170°C for 1 minute to 24 hours under an atmosphere 
of an inert gas (e.g. argon or nitrogen) atmosphere. 

[Production process 2] 

(1a) A compound of the general formula [7] or its salt can be obtained by reacting a compound of the general for- 
mula [6] or its salt with an orthoester such as methyl orthoformate, ethyl orthoformate or the like in acetic anhydride 
and then with a compound of the general formula [8] or its salt. 

The solvent used in these reactions is not particularly limited so long as it has no undesirable influence on the 
reactions. The solvent includes, for example, aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
ethers such as dioxane, tetrahydrofuran, anisole, diethylene glycol diethyl ether, dimethyl Cellosolve and the like; 
alcohols such as methanol, ethanol, propanol and the like; halogenated hydrocarbons such as methylene chloride, 
chloroform, dichloroethane and the like; amides such as N.N-dimethylformamide, N,N-dimethylacetamide and the 
like; and sulfoxides such as dimethyl sulfoxide and the like. These solvents may be used singly or as a mixture 
thereof. 

The orthoester can be used in an amount of at least 1 mole, preferably 1 to 10 moles, per mole of the com- 
pound of the general formula [6] or its salt. 

Usually, the reaction with the orthoester can be carried out at 0 - 150°C, preferably 50 - 150°C, for 20 minutes 
to 50 hours. 

In the subsequent reaction with the compound of the general formula [8] or its salt, the compound of the gen- 
eral formula [8] or its salt can be used in an amount of at least 1 mole per mole of the compound of the general 
formula [6] or its salt. Usually, this reaction can be carried out at 0 - 100°C, preferably 10 - 60°C, for 20 minutes to 
30 hours. 

(1b) An alternative process is as follows. The compound of the general formula [6] or its salt can be converted to 
the compound of the general formula [7] or its salt by reacting the compound of the general formula [6] or its salt 
with an acetal such as N,N-dimethylformamide dimethyl acetal, N,N-dimethylformamide diethyl acetal or the like in 
the presence or absence of an acid anhydride such as acetic anhydride or the like and then with the compound of 
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the general formula [8] or its salt. 

The solvent used in these reactions Is not particularly limited so long as it has no undesirable influence on the 
reactions. Specific examples of the solvent are the same solvents as those exemplified in section (1a) above. The 
acetal can be used in an amount of at least 1 mole, preferably approximately 1 - 5 moles, per mole of the compound 
s of the general formula [6] or its salt. 

Usually, the reaction with the acetal can be carried out at 0 - 100°C, preferably 20 - 85°C, for 20 minutes to 50 
hours. 

In the subsequent reaction with the compound of the general formula [8] or its salt, the compound of the gen- 
eral formula [8] or its salt can be used in an amount of at least 1 mole per mole of the compound of the general 
io formula [6] or its salt. Usually, this reaction can be carried out at 0 - 100°C, preferably 10 - 60°C, for 20 minutes to 

30 hours. 

(2) The compound of the general formula [1 ] or its salt can be obtained by subjecting the compound of the general 
formula [7] or its salt to ring-closing reaction in the presence or absence of a fluoride salt or a base. 

The solvent used in this reaction is not particularly limited so long as it has no undesirable influence on the 
15 reaction. The solvent includes, for example, amides such as N,N-dimethylformamide, N.N-dimethylacetamide and 
the like; ethers such as dioxane, anisole, diethylene glycol dimethyl ether, dimethyl Cellosolve and the like; and sul- 
foxides such as dimethyl sulfoxide and the like. These solvents may be used singly or as a mixture thereof. 

The fluoride salt optionally used in the reaction includes, for example, sodium fluoride, potassium fluoride and 
the like. The base optionally used includes, for examples, sodium hydrogencarbonate, potassium carbonate, potas- 
20 sium tert-butoxide, sodium hydride and the like. 

The fluoride salt or base can be used in an amount of at least 1 .0 mole, preferably 1 .0 to 3.0 moles, per mole 
of the compound of the general formula [7] or its salt. 

Usually, the reaction can be carried out at 0 - 180°C for 5 minutes to 30 hours. 

25 The thus obtained compound of the general formula [1] or salt thereof can be converted to another compound of 
the general formula [1] or its salt by subjecting the general formula [1] or salt thereof to one or a proper combination of 
per se well-known reactions such as oxidation, reduction, rearrangement, substitution, halogenation, dehydration, 
hydrolysis and the like. 

When the compound of the general formula [2], [3a], [3b], [4], [5], [6], [7] or [8] or their salt used in the production 
30 processes described above has isomers (for example, optical isomers, geometrical isomers, tautomers and the like), 
these isomers may be substituted therefor. In addition, the compound or its salt may be used in the form of a solvate or 
hydrate or in any of various crystal forms. 

When the compound of the general formula [2], [3a], [3b], [4], [5], [6], [7], [8] or [1] or their salt has an amino, 
hydroxyl or carboxyl group, it is possible to previously protect the group with a conventional protecting group and 
35 remove the protecting group by a per se well-known method after completion of the reaction. 

There are explained below a process for producing the compound of the general formula [2] or its salt or the com- 
pound of the general formula [5] or its salt, which is a starting material for producing the compound of the present inven- 
tion, a process for producing the organotin compound of the general formula [3a] or its salt or the compound of the 
general formula [4] or its salt, which is a novel compound, and a process for producing the organoboron compound of 
40 the general formula [3b] or its salt, which is a novel compound. They can be synthesized according to, for example, the 
following production processes. 
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wherein R 1 , R 1a , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , A, X 1 , X 2 and Alk are as defined above, and X 3 represents a removing group 
such as a halogen atom. 

so The salts of compounds of the general formulas [5a] and [9] to [18] include the same salts as exemplified as the 
salts of compound of the general formula [1]. 

Next, production processes A to C are explained below. 

(1) Each of a compound of the general formula [9] or its salt and a compound of the general formula [12] or its salt 
55 can be obtained, for example, by converting a well-known compound to a compound having a desired atom as X1 , 

by the method disclosed in JP-A-1-100166, namely, the method utilizing the Sandmeyer reaction. 

(2) A compound of the general formula [10] or its salt or a compound of the general formula [13] or its salt can be 
obtained by subjecting the compound of the general formula [9] or its salt or the compound of the general formula 
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[12] or its salt, respectively, to a ketoesterrfication reaction generally known in the art. 

(a) According to the method described in Angewante Chemie International Edition in English, vol. 18, page 72 
(1979), the carboxyl group of the compound of the general formula [9] or its salt or the carboxyl group of the 

5 compound of the general formula [12] or its salt is reacted with, for example, N,N'-carbonyl diimidazole to con- 

vert the compound to an active acid amide, after which the active acid amide is reacted with a magnesium salt 
of malonic acid monoester, whereby the compound of the general formula [10] or its salt or the compound of 
the general formula [13] or its salt, respectively, can be obtained. 

The solvent used in the reaction of the active acid amide with the magnesium salt of malonic acid 

10 monoester is not particularly limited so long as it has no undesirable influence on the reaction. The solvent 

includes, for example, aromatic hydrocarbons such as benzene, toluene, xylene and the like; ethers such as 
dioxane, tetrahydrofuran, diethyl ether and the like; halogenated hydrocarbons such as methylene chloride, 
chloroform, dichloroethane and the like; and amides such as N,N-dimethylformamide, N.N-dimethylacetamide 
and the like. These solvents may be used singly or as a mixture thereof. 

is Each of the N.N'-carbonyl diimidazole and the magnesium salt of malonic acid mono-ester can be used in 

an amount of at least 1 mole, preferably 1 to 2 moles, per mole of the compound of the general formula [9] or 
[12] or its salt, respectively. 

Usually, the reactions can be carried out at 0 - 100°C, preferably 10 - 80°C, for 5 minutes to 30 hours. 

(b) An alternative process is, for example, as follows. The carboxyl group of the compound of the general for- 
20 mula [9] or its salt or the carboxyl group of the compound of the general formula [1 2] or its salt is reacted with 

a halogenating agent such as thionyl chloride to convert the compound to an acid halide, after which the acid 
halide is reacted with a metal (e.g. sodium or ethoxymagnesium) salt of malonic acid diester, followed by partial 
removal of the carboxyl-protecting group using p-toluenesulfonic acid in an aqueous solvent or trifluoroacetic 
acid and decarboxylation, whereby the compound of the general formula [10] or its salt or the compound of the 

25 general formula [1 3] or its salt, respectively, can be obtained. 

The solvent used in the reaction of the acid halide with the metal salt of malonic acid diester is not partic- 
ularly limited so long as it has no undesirable influence on the reaction. Specific examples of the solvent are 
the same solvents as those exemplified in section (2), sub-section (a) above. 

The metal salt of malonic acid diester can be used in an amount of at least 1 mole, preferably 1 to 3 moles, 

30 per mole of the compound of the general formula [9] or its salt or the compound of the general formula [12] or 

its salt. 

Usually, the reaction can be carried out at -50°C to +100°C for 5 minutes to 30 hours. 

(3) (a) A compound of the general formula [1 1] or its salt or a compound of the general formula [14] or its salt can 
35 be obtained by reacting the compound of the general formula [1 0] or its salt or the compound of the general formula 

[13] or its salt, respectively, with an orthoester such as methyl orthoformate, ethyl orthoformate or the like in acetic 
anhydride and then with a compound of the general formula [8] or its salt. 

These reactions may be carried out by the same method as described in production process 2, section (1a). 

40 (b) An alternative process is as follows. The compound of the general formula [10] or its salt or the compound 

of the general formula [13] or its salt may be reacted with an acetal such as N,N<Jimethylformamide dimethyl 
acetal. N,N-dimethylformamide diethyl acetal or the like in the presence or absence of an acid anhydride such 
as acetic anhydride or the like and then reacted with the compound of the general formula [8] or its salt to be 
converted to the compound of the general formula [1 1] or its salt or the compound of the general formula [14] 

45 or its salt, respectively. 

These reactions may be carried out by the same method as described in production process 2, (1b). 

(4) The compound of the general formula [2] or its salt or the compound of the general formula [4] or its salt can be 
obtained by subjecting the compound of the general formula [1 1] or Its salt or the compound of the general formula 

so [14] or its salt, respectively, to ring-closing reaction in the presence or absence of a fluoride salt or a base. 

The reaction may be carried out by the same method as described in production process 2, section (2). 

(5) The aryltin compound of the general formula [1 2] or its salt, the aryltin compound of the general formula [1 3] or 
its salt, or the aryltin compound of the general formula [4] or its salt can be obtained by reacting the halogenated 
aryl compound of the general formula [9] or its salt, the halogenated aryl compound of the general formula [10] or 

55 its salt, or the halogenated aryl compound of the general formula [2] or its salt, respectively, with a hexaalkyldistan- 
nane by the use of a palladium complex catalyst according to the method described, for example, in Bulletin of the 
Chemical Society of Japan vol. 56, pages 3855-3856 (1983). 

The solvent and the palladium complex catalyst which are used in this reaction are not particularly limited so 
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long as they have no undesirable influence on the reaction. Specific examples of the solvent and the palladium 
complex catalyst are the same as those given in the above production process 1. 

The hexaalkyldistannane can be used in an amount of at least 1 .0 mole, preferably 1 .0 to 3.0 moles, per mole 
of the halogenated aryl compound of the general formula [9], [10] or [2] or their salt. 
5 Usually, the reaction can be carried out at 40 - 160°C for 1 to 72 hours. 

(6) The compound of the general formula [3a] or its salt can be obtained by reacting the compound of the general 
formula [5] or its salt with a hexaalkyldistannane by the use of a palladium complex catalyst in the same manner as 
described in section (5) above. 

(7) The compound of the general formula [3b] or its salt can be produced according to the process described in 
10 Jikken Kagaku Koza, 4th edition, vol. 24, pages 61-90 (1992). Specifically, the compound of the general formula 

[3b] or its salt can be obtained by subjecting the compound of the general formula [5] or its salt to lithiation or Grig- 
nard reaction and then reacting the reaction product with a trialkyl borate. 

(8) The compound of the general formula [5] or its salt can be produced according to, for example, any of the proc- 
ess described in Organic Synthesis, vol. 5, pages 1 064-1 066 and the processes disclosed in JP-A-63-1 79872, JP- 

15 A-2-62875 and JP-A-3-52888, and the process described in Arzniem.-ForshVDrug Res. 30(H). 1487-1493 (1980). 

Specifically, the compound of the general formula [5] or its salt can be obtained by reacting a compound of the 
general formula [15] or its salt with R 5 NH 2 or subjecting a compound of the general formula [16] or its salt to dehy- 
drating reaction. 

On the other hand, a compound of the general formula [5a] or its salt, which has an imino group, can be 
20 obtained by subjecting a compound of the general formula [1 7] or its salt to ring-closing reaction. 

(9) The compound of the general formula [6] or its salt can be produced from the compound of the general formula 
[10] or its salt or the compound of the general formula [13] or its salt according to the same process as described 
in production process 1 . It can be obtained also by subjecting a compound of the general formula [1 8] or its salt to 
ketoesterif ication according to the method described above. 

25 The compound of the general formula [1 0] or its salt or the compound of the general formula [13] or its salt can 

be obtained by subjecting the compound of the general formula [9] or its salt or the compound of the general for- 
mula [12] or its salt, respectively, to ketoesterif ication according to the method described above. 

On the other hand, the compound of the general formula [18] or its salt can be produced from the compound 
of the general formula [9] or its salt or the compound of the general formula [12] or its salt according to the same 

30 process as described in production process 1 . 

In production processes A to C, when any of the compounds of the general formulas [2] to [18] or their salts has an 
amino, hydroxyl or carboxyl group, it is possible to protect the group with a conventional protecting group previously and 
remove the protecting group by a per se well-known method after completion of the reaction. 

35 When any of the compounds of the general formulas [2] to [18] or their salts has isomers (for example, optical iso- 
mers, geometrical isomers, tautomers and the like), these isomers may be substituted therefor. In addition, the com- 
pounds or their salts may be used in the form of a solvate or hydrate or in any of various crystal forms. Furthermore, 
after completion of each reaction, the reaction product may be used as it is in the subsequent reaction without isolation. 
The thus obtained compound of the general formula [1] or salt thereof can be isolated and purified according to one 

40 or more conventional operations which may be selected from extraction, crystallization, column chromatography and 
the like. 

When used as a pharmaceutical, the compound of the present invention may be properly mixed with a preparation 
adjuvant such as an excipient, a carrier or a diluent which is usually used for formulation into a pharmaceutical form. 
The compound can be administered orally or parenterally in the form of tablets, capsules, a powder, a syrup, granules, 
45 pills, a suspension, an emulsion, a solution, a powdery formulation, a suppository, an ointment, an injection or the like. 
The administration route, dose and number of administrations may be properly chosen depending on the age, body 
weight and symptom of a patient. Usually, the compound may be administered to an adult in a dose of 0.1 to 100 mg/kg 
per day in one portion or several portions orally or parenterally (for example, by injection, drip infusion or intrarectal 
administration). 

so Next, the pharmacological activity of typical compounds of the present invention is explained below. 
[Test compounds] 

a: 1 -Cyclopropyl-7-(isoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
55 b: 1 -Cyclopropyl-7-(7-f luoroisoindolin-5-yl)-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
c: 1 -Cyclopropyl-7-(isoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
d: 1 -Cyclopropyl-7-(7-f luoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
e: 1 -Cyclopropyl-8-difiuoromethoxy-7-(isoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
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f : 1 -Cyclopropyl-8-dif luoromethoxy-7-(7-f luoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
g: (±)-1-Cydopropyl-8-difluoromethoxy-7-(1-me^ acid, 
h: (+)-1 -Cyclopropyl-8-drf luoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, 
i: (-)-1 -Cyclopropyl-8-dif luoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3- carboxylic acid. 
5 and 

j: 1-Cyclopropyl-6-fluoro-7-(1-piperazinyl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (Ciprofloxacin; reference 
compound). 

1 . Antibacterial activity 

10 

[Test method] 

According to the standard method of Japan Society of Chemotherapy [CHEMOTHERAPY vol. 29, No. 1 , pages 76- 
79 (1981)1, a loopful of a cell suspension obtained by culturing in Mueller Hinton broth (mfd. by Difco) at 37°C for 20 
15 hours and adjusted to a concentration of 10 6 cells/plate (10 8 cells/ml) was inoculated into a Mueller Hinton agar medium 
(mfd. by Difco) containing the test compound, followed by incubation at 37°C for 20 hours. Then, the cell growth was 
observed to determine the minimum concentration at which the cell growth was inhibited, which concentration is indi- 
cated as MIC fag/ml). Table 1 shows the results obtained. In Table 1 , *1 to *4 denote the following strains: 

20 *1 : Staphylococcus aureus 

*2: p-lactamase-producing S. aureus 
*3: methicillin-resistant S. aureus 
*4: Escherichia coli. 

25 

Table 1 



35 





MIC (jig/ml) 




a 


b 


c 


d 


e 


f 


g 


h 


i 


j 


S.aureus FDA209P*1 


^0.05 


=§0.05 


^0.05 


^0.05 


^0.05 


^0.05 


=^0.05 


^0.05 


^0.05 


0.2 


S.aureus F-137*2 


^0.05 


^0.05 


^0.05 


=i0.05 


=i0.05 


=i0.05 


^0.05 


^0.05 


^0.05 


0.39 


S.aureus F-597*3 


0.1 


^0.05 


0.1 


^0.05 


0.1 


^0.05 


0.1 


0.2 


=i0.05 


3.13 


E.coli NIHJ JC-2*4 


^0.05 


^0.05 


^0.05 


^0.05 


=§0.05 


^0.05 


^0.05 


^0.05 


^0.05 


^0.05 



2. Acute toxicity 

Each test compound was intravenously administered to groups of 4 ddy strain mice (body weight: 30 ± 1 g) each, 
40 whereby its acute toxicity was investigated. In this case, the compound was administered in the form of a solution pre- 
pared by dissolving the compound in a 0.1 N aqueous sodium hydroxide solution. As a result, it was found that the 
median lethal dose (LD 50 ) values of compounds e, g and i were 200 mg/kg or more. 

BEST MODE FOR CARRYING OUT THE INVENTION 

45 

The present invention is illustrated with reference to the following reference examples and examples, which should 
not be construed as limiting the scope of the invention. 

In the reference examples and the examples, the mixing ratios in the eluents are all by volume, and Silica gel 60 of 
70 to 230 mesh (mfd. by MERCK & CO., INC.) or that of 100 to 270 mesh (mfd. by FUJI SILYSIA CHEMICAL LTD.) was 
so used as a carrier in the column chromatography and LC-SORB SP-A-Si of Chemco Scientific Co., Ltd. was used as a 
carrier in the intermediate-pressure column chromatography. The symbol used in the reference examples and the 
examples has the following meaning: 

d-|-TFA: a trif luoroacetic acid-d-j . 
55 d 6 -DMSO: a dimethylsulfoxide-d 6 . 
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Reference Example 1 

(1) In 254 ml of N,N-dimethylformamide was dissolved 25.4 g of 2,6-dif luorophenol, followed by adding thereto 29.7 
g of potassium carbonate and 83.1 g of iodomethane, and the resulting mixture was stirred at 50°C for 2 hours. The 
reaction mixture was added to a mixed solvent of 200 ml of diethyl ether and 600 ml of water and the organic layer 
was separated. The organic layer obtained was washed with water and then a saturated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the sol- 
vent. The resulting residue was purified by vacuum distillation (43-45°C/20 mmHg) to obtain 22.9 g of 2,6-difluoro- 
anisole as a colorless oil. 

(2) In 350 ml of tetrahydrof uran was dissolved 22.9 g of 2,6-dif luoroanisole, and to the solution was added dropwise 
1 10 ml of a 1 .6 M solution of n-butyllithium in n-hexane at -70°C over a period of 30 minutes. The resulting mixture 
was stirred at the same temperature for 1 hour, and carbon dioxide was introduced thereinto, after which the mix- 
ture was heated to 0°C over a period of 1 hour. The reaction mixture was added to a mixed solvent of 300 ml of 
ethyl acetate and 700 ml of water and the pH was adjusted to 1 with 6N hydrochloric acid, after which the organic 
layer was separated. The organic layer obtained was washed with a saturated aqueous sodium chloride solution, 
followed by adding thereto a solution of diazomethane in diethyl ether, and the resulting mixture was stirred at room 
temperature for 10 minutes and distilled under reduced pressure to remove the solvent. The resulting residue was 
purified by a column chromatography (eluent; n-hexane : ethyl acetate = 10:1) to obtain 16.8 g of methyl 2,4-dif- 
luoro-3-methoxybenzoate as colorless crystals. 

IR(KBr)cm" 1 :vc=o1718. 
NMR(CDCI 3 ) 8 values: 

3.92(3H, s), 3.99(3H, s), 6.50-7.1 0(1 H, m), 7.20-7.90(1 H, m). 

Reference Example 2 

(1) In 20 ml of methylene chloride was dissolved 2.00 g of methyl 2,4-dif luoro-3-methoxybenzoate, and to the solu- 
tion was added 12.8 ml of a 1 M solution of boron tribromide in methylene chloride at -30°C, after which the result- 
ing mixture was stirred under ice-cooling for 2 hours. The reaction mixture was added to a mixed solvent of 150 ml 
of ethyl acetate and 150 ml of water and the organic layer was separated. The organic layer obtained was washed 
with a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled 
under reduced pressure to remove the solvent. The resulting residue was purified by a column chromatography 
(eluent; n-hexane : ethyl acetate = 3 : 1) to obtain 1.35 g of methyl 2,4-difluoro-3-hydroxybenzoate as colorless 
crystals. 

(2) In 20 ml of N,N-dimethyHormamide was dissolved 1 .00 g of methyl 2,4-difluoro-3-hydroxybenzoate, followed by 
adding thereto 0.88 g of potassium carbonate and then 12 ml of a 6 M solution of chlorodifluoromethane in N,N- 
dimethylformamide, and the resulting mixture was stirred in a sealed tube at 1 20 - 1 30°C for 2.5 hours. The reaction 
mixture was added to a mixed solvent of 100 ml of ethyl acetate and 200 ml of water and the pH was adjusted to 2 
with 6N hydrochloric acid, after which the organic layer was separated. The organic layer obtained was washed with 
a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under 
reduced pressure to remove the solvent The resulting residue was purified by a column chromatography (eluent; 
n-hexane : ethyl acetate = 4 : 1) to obtain 1.02 g of methyl 2,4-difluoro-3-difluoromethoxybenzoate as colorless 
crystals. 

IR (KBr) cm 1 : vc=o 1708. 

Reference Example 3 

(1) In 47 ml of dimethyl sulfoxide was dissolved 4.65 g of ethyl 2,4-difluoro-3-methylbenzoate, followed by adding 
thereto 3.32 g of sodium azide, and the resulting mixture was stirred at 70°C for 20 hours. The reaction mixture was 
cooled to room temperature and then added to a mixed solvent of 150 ml of toluene and 150 ml of water, and the 
organic layer was separated. The organic layer obtained was washed with water and then a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to 
remove the solvent. The resulting residue was purified by a column chromatography (eluent: toluene) to obtain 2.20 
g of ethyl 4-azido-2-fluoro-3-methylbenzoate as a light-yellow oil. 

(2) In 40 ml of ethanol was dissolved 2.00 g of ethyl 4-azido-2-f luoro-3-methylbenzoate, followed by adding thereto 
0.40 g of 5% palladium-carbon, and the resulting mixture was stirred at room temperature for 5 hours under a 
hydrogen atmosphere. The reaction mixture was filtered and the filtrate was concentrated under reduced pressure. 
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The resulting residue was purified by a column chromatography (eluent; toluene : ethyl acetate = 10 : 1) to obtain 
0.75 g of ethyl 4-amino-2-fluoro-3-methylbenzoate as colorless crystals. 

(3) In 7 ml of ethanol was suspended 0.70 g of ethyl 4-amino-2-fluoro-3-methylbenzoate, followed by adding thereto 
7 ml of 1 N sodium hydroxide, and the resulting mixture was stirred at 40°C for 4 hours. To the reaction mixture was 
5 added 1 .2 ml of 6N hydrochloric acid, followed by extraction with 50 ml of ethyl acetate. The extract solution was 

washed with a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then dis- 
tilled under reduced pressure to remove the solvent, to obtain 0.59 g of 4-amino-2-fluoro-3-methylbenzoic acid as 
colorless crystals. 

10 |R (KBr) cm' 1 : vc=o 1671, 1632. 

The following compounds were obtained in the same manner as above. 

4-Amino-2,3-difluorobenzoic acid 

15 

IR (KBr) cm' 1 : vc=o 1685, 1642. 
4-Amino-2-fluoro-3-methoxybenzoic acid 
20 IR (KBr) cm 1 : vc=o 1 679, 1 624. 

4-Amino-2-fluoro-3-difluoromethoxybenzoicacid 

IR (KBr) cm" 1 : vc=o 1686, 1636. 

25 

4-Amino-3-chloro-2-fluorobenzoic acid 
IR (KBr) cm' 1 : vc=o 1684, 1626. 
30 • 4-Amino-2-fluoro-3-trffluoromethylbenzoic acid 
IR (KBr) cm' 1 ; vc=o 1684, 1636. 
Reference Example 4 

35 

In 14 ml of 4.7% hydrobromic acid was suspended 0.55 g of 4-amino-2-fluoro-3-methylbenzoic acid, and 3.7 g of 
cupric bromide was added thereto. To the resulting suspension was added dropwise a solution of 0.38 g of sodium 
nitrite in 4 ml of water under ice-cooling over a period of 15 minutes, and the resulting mixture was stirred at the same 
temperature for 1 hour and then at room temperature for 24 hours. To the reaction mixture was added 20 ml of toluene 
40 and the organic layer was separated. The organic layer obtained was washed with 20 ml of 20% hydrobromic acid, dried 
over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. n-Hexane was 
added to the resulting residue and the crystals were collected by filtration to obtain 0.68 g of colorless 4-bromo-2-fluoro- 
3-methylbenzoic acid. 

45 IR (KBr) cm* 1 : vc=o 1690. 

The following compounds were obtained in the same manner as above. 

4-Bromo-2,3-difluorobenzoic acid 

50 

IR(KBr)cm' 1 :vc=o1691. 
4-Bromo-2-fluoro-3-methoxybenzoic acid 
55 IR (KBr) cm' 1 : vc=o 1 694. 

4-Bromo-2-fluoro-3-difluoromethoxybenzoic acid 
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IR(KBr) cm" 1 : vc=o 1696. 
4-Bromo-3-chloro-2-fluorobenzoic acid 
5 IR (KBr) cm' 1 : vc=o 1 687. 

4-Bromo-2-fluoro-3-trifluoromethylbenzoic acid 

IR (KBr) cm' 1 :vc=o 1698. 

10 

Reference Example 5 

In 13 ml of anhydrous tetrahydrofuran was dissolved 0.65 g of 4-bromo-2-fluoro-3-methylbenzoic acid, followed by 
adding thereto 0.92 g of N.N'-carbonyldiimidazole under ice-cooling, and the resulting mixture was stirred at room tern- 

is perature for 2 hours. Then, 0.81 g of magnesium ethoxycarbonylacetate was added thereto and the resulting mixture 
was stirred at the same temperature for 20 hours. The reaction mixture was added to a mixed solvent of 50 ml of toluene 
and 50 ml of water and the pH was adjusted to 1 with 6N hydrochloric acid, after which the organic layer was separated. 
The organic layer obtained was washed successively with a saturated aqueous sodium hydrogencarbonate solution, 
water and a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled 

20 under reduced pressure to remove the solvent. The resulting residue was purified by a column chromatography (eluent: 
toluene) to obtain 0.70 g of ethyl 4-bromo-2-fluoro-3-methylbenzoylacetate as colorless crystals. 

IR(KBr)cm 1 :vc=o 1616. 

25 The following compounds were obtained in the same manner as above. 

Ethyl 4-bromo-2,3-difluorobenzoylacetate 

IR (neat) cm' 1 : vc=0 1 744, 1697, 1627. 

30 

Ethyl 4-bromo-2-fluoro-3-methoxybenzoylacetate 

IR (neat) cm" 1 : vc=o 1743, 1691, 1624. 
35 • Ethyl 4-bromo-2-fluoro-3-difluoromethoxybenzoylacetate 

IR (neat) cm 1 : vc=o 1742, 1696, 1624. 
Ethyl 4-bromo-3-chloro-2-fluorobenzoylacetate 

40 

IR (KBr) cm' 1 : vc=o 1723, 1674, 1628. 
Ethyl 4-bromo-2-fluoro-3-trifluoromethylbenzoylacetate 
45 IR (KBr) cm" 1 : vc=o 1 744, 1 670, 1 637. 

Reference Example 6 

(1) In 1 4 ml of methylene chloride was dissolved 0.70 g of ethyl 4-bromo-2-fluoro-3-methylbenzoylacetate, followed 
so by adding thereto 0.29 g of acetic anhydride and 0.33 g of N,N-dimethylformamide dimethyl acetal, and the result- 
ing mixture was stirred at room temperature for 2 hours and then distilled under reduced pressure to remove the 
solvent. The resulting residue was dissolved in 10 ml of ethanol, followed by adding thereto 0.16 g of cyclopro- 
pylamine. The resulting mixture was stirred at room temperature for 12 hours and the crystals precipitated were col- 
lected by filtration to obtain 0.72 g of colorless ethyl 2-(4-bromo-2-fluoro-3-methylbenzoyl)-3- 

55 cyclopropylaminoacrylate. 

(2) In 7 ml of dimethyl sulfoxide was dissolved 0.72 g of ethyl 2-(4-bromo-2-fluoro-3-methylbenzoyl)-3-cyclopro- 
pylaminoacrylate, followed by adding thereto 0.48 g of potassium carbonate, and the resulting mixture was stirred 
at 90°C for 30 minutes. The reaction mixture was cooled to room temperature, after which 35 ml of water was added 
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thereto and the crystals were collected by filtration to obtain 0.66 g of colorless ethyl 7-bromo-1-cyclopropyl-8- 
methyl-1,4-dihydro-4-oxoquinoline-3-carboxylate. 

IR (KBr) cm" 1 : vc=o 1684, 1636. 
5 NMR (CDCI 3 ) 5 values: 

0.70-1. 60(7H, m), 2.85(3H, s), 3.70-4.10(1 H, m), 4.38(2H, q, J=7.5Hz), 7.58(1 H, d, J=9.0Hz), 8.1 5(1 H, 
d, J=9.0Hz), 8.63(1 H, s). 

The following compounds were obtained in the same manner as above. 

10 

Ethyl 7-bromo-1 -cyclopropyl-8-fluoro-1 ,4-dihydro-4-oxoquinoline-3-carboxylate 

IR (KBr) cm" 1 : vc=o 1684, 1652. 
NMR (CDCI3) 6 values: 

is 0.90-1.60(7H. m), 3.50-4.00(1 H, m), 4.38(2H, q, J=7.5Hz), 7.54(1H, dd, J=6.0,9.0Hz), 8.15(1H, dd, 

J=1.5,9.0Hz),8.55(1H,s). 

Ethyl 7-bromo-1 -cyclopropyl-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylate 

20 IR (KBr) cm 1 : vc=0 1694, 1642. 

NMR (CDCI3) 8 values: 

0.60-1.70(7H, m), 3.50-4.10(4H, m), 4.37(2H, q, J=7.0Hz), 7.55(1 H, d, J=9.0Hz), 8.12(1H, d, J=9.0Hz), 
8.57(1 H, s). 

25 • Ethyl 7-bromo-1 -cyclopropyl-8-dif luoromethoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylate 

IR (KBr) cm" 1 : vc=o 1687, 1640. 
NMR (CDCI3) 8 values: 

0.70-1 .70(7H ( m), 3.70-4.70(3H, m), 6.52(1 H, t, J=74.5Hz), 7.58(1H, d, J=8.5Hz), 8.24(1H, d, J=8.5Hz), 
30 8.59(1 H,s). 

Ethyl 7-bromo-8-chloro-1 -cyclopropyl-1 ,4-dihydro-4-oxoqulnoline-3-carboxylate 

IR (KBr) cm" 1 : vc=o 1697, 1663. 
35 NM R (CDCI3) 8 values: 

0.80-1.60(7H, m), 4.10-4.60(3H, m), 7.68 (1H, d, J=8.5Hz), 8.23(1H, d, J=8.5Hz), 8.67(1H, s). 

Ethyl 7-bromo-1 -cyclopropyl-8-trifluoromethyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylate 

40 IR (KBr) cm" 1 : vc=o 1697, 1659. 

NMR (CDCI3) 8 values: 

0.40-1. 60(7H, m), 3.50-4.60(3H, m), 7.65(1 H, d. J=8.5Hz), 8.35(1 H, d, J=8.5Hz), 8.60(1 H, s). 
Reference Example 7 

45 

(1) In 380 ml of diethyl ether was dissolved 19.0 g of 1-bromo-3,4-di(hydroxymethyl)benezene and to the solution 
was added 112 g of phosphorus tribromide under ice-cooling, after which the resulting mixture was allowed to 
stand for 3 days. The reaction mixture was added to 1 ,000 ml of ice water and the pH was adjusted to 7 with sodium 
hydrogencarbonate, followed by extraction with 1,000 ml of ethyl acetate. The organic layer thus obtained was 

50 washed with a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then dis- 
tilled under reduced pressure to remove the solvent, whereby 28.5 g of 1 -bromo-3,4-di(bromomethyl)benzene were 
obtained as colorless crystals. 

(2) In 70 ml of N,N-dimethylformamide was suspended 3.97 g of sodium hydride (purity: 60%), followed by adding 
thereto 50 ml of a N.N-dimethylformamide solution containing 8.49 g of p-toluenesulfonamide, and the resulting 

55 mixture was stirred at 60°C for 30 minutes. A solution of 17.0 g of l-bromo-3,4<li(bromomethyl)benzene in 50 ml 
of N.N-dimethylformamide was added to the reaction mixture at 60°C and the resulting mixture was stirred at the 
same temperature for 1 hour. The reaction mixture obtained was added to 500 ml of ice water and the precipitate 
was collected by filtration and purified by a column chromatography (eluent: chloroform) to obtain 15.2 g of 5- 
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bromo-2-(p-toluenesulfonyl)isoindoline as colorless crystals. 
IR(KBr) cm' 1 : 

v S o 2 1347 , 1164. 



10 NMR (CDCI 3 ) 5 values: 

2.39(3H, s), 4.56(4H, brs), 6.75-7.90(6H, m). 

The following compound was obtained in the same manner as above. 

15 • 5-Bromo-4-fluoro-2-(p-toluenesulfonyl)isoindoline 

IR(KBr) cm" 1 : 

20 v S o 2 1343, 1157. 



NMR (CDCI3) 8 values: 

2.41(3H, s), 4.64(4H, brs), 6.60-7.90(7H, m). 

25 

Reference Example 8 

In 25 ml of 47% hydrobromic acid was suspended 5.0 g of 5-bromo-2-(p-toluenesulfonyl)isoindoline, followed by 
adding thereto 4.0 g of phenol and 15 ml of propionic acid, and the resulting mixture was heated under reflux for 4 

30 hours. The reaction mixture was concentrated under reduced pressure, after which ethanol was added to the resulting 
residue and the crystals were collected by filtration to obtain 3.5 g of 5-bromoisoindoline hydrobromide. The hydrobro- 
mide obtained was suspended in 50 ml of methylene chloride, followed by adding thereto 2.8 g of triethylamine. Then, 
2.4 g of benzyl chloroformate was added dropwise thereto and the resulting mixture was stirred at room temperature 
for 1 hour. The reaction mixture was added to 50 ml of water and the pH was adjusted to 1 with 6N hydrochloric acid, 

35 after which the organic layer was separated. The organic layer obtained was washed with a saturated aqueous sodium 
chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the 
solvent. n-Hexane was added to the resulting residue and the crystals were collected by filtration to obtain 3.8 g of color- 
less 2 -benzyloxycarbony I -5-bromoisoindoline. 

40 IR(KBr)cm' 1 :vc=o1705. 
NMR (CDCI3) 5 values: 

4.69(4H, s), 5.20(2H, s), 6.70-7.40(8H, m). 

Reference Example 9 

45 

(1) In 1 0 ml of tetrahydrofuran was dissolved 1 .47 g of (L)-(N-benzyloxycarbonyl)-phenylalanine, followed by adding 
thereto 1 .20 g of 5-bromo-1 -methylisoindoline hydrobromide and 0.41 g of triethylamine, and the resulting mixture 
was stirred for 30 minutes. Then, 1.11 g of 1 -hydroxybenzotriazole and 1.03 g of diisopropylcarbodiimide were 
added to the reaction solution, and the resulting mixture was stirred for 1 .5 hours. The reaction mixture obtained 

so was added to a mixed solvent of 20 ml of diethyl ether and 20 ml of water and the pH was adjusted to 1 with 6N 
hydrochloric acid, after which the organic layer was separated. The organic layer obtained was washed with a sat- 
urated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under 
reduced pressure to remove the solvent. The resulting residue was subjected to an intermediate-pressure column 
chromatography (eluent; n-hexane : ethyl acetate = 2 : 1 ) to separate and purify a diastereomer having a high polar- 

55 ity, whereby 0.78 g of 2-t(N-benzyloxycarbonyl)-(L)-phenylalanine]-5-bromo-1 -methylisoindoline as a colorless 
amorphous solid. 

[cc] D 29 = 21.3 (c-1.0, CHCI3). 
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IR (KBr) cm' 1 : vc=o 1717, 1654, 1636. 
NMR (CDCI 3 ) 8 values: 

1.32(3H, d, J=6.5Hz), 2.90-3.20(2H, m), 3.70-4.00(1 H, m), 4.50-5.40(5H, m), 5.60-5.90(1 H, m), 6.80- 
7.60(1 3H, m). 

5 

(2) To 8.50 g of 2-[(N-benzyloxycarbonyl)-(L)-phenylalanine]-5-brorro-1-methylisoindoline was added 170 ml of 6N 
hydrochloric acid, and the resulting mixture was heated under reflux for 48 hours. The reaction mixture was cooled 
to room temperature and then added to a mixed solvent of 170 ml of ethyl acetate and 170 ml of water, and the 
aqueous layer was separated. The aqueous layer obtained was adjusted to pH 12 with a 5N aqueous sodium 

10 hydroxide solution, after which chloroform was added thereto and the organic layer was separated. The organic 
layer obtained was washed with water, dried over anhydrous magnesium sulfate, and then distilled under reduced 
pressure to remove the solvent. The resulting residue was dissolved in 50 ml of methylene chloride, followed by 
adding thereto 1 .31 g of triethylamine and 2.21 g of benzyl chloroformate under ice-cooling, and the resulting mix- 
ture was stirred at room temperature for 3 hours. To the reaction mixture was added 50 ml of ice water and the pH 

15 was adjusted to 1.5 with 6N hydrochloric acid, after which the organic layer was separated. The organic layer 
obtained was washed with water, dried over anhydrous magnesium sulfate, and then distilled under reduced pres- 
sure to remove the solvent. The resulting residue was purified by a column chromatography (eluent; n-hexane : 
ethyl acetate = 8 : 1) to obtain 2.92 g of (-)-2-benzyloxycarbonyl-5-bromo-1-methylisoindoline as an oil. 

20 [a] D 27 = -10.8 (c = 1.3, CHCI3). 

IR (neat) cm" 1 : vc=o 1702. 
NMR (CDCI3) 8 values: 

1.30-1 .70(3H, m), 4.71 (2H, brs), 4.90-5.40 (3H, m), 6.90-7.60(8H, m). 

25 

A diastereomer having a low polarity was separated and purified in the same manner as in section ( 1 ) and then 
treated in the same manner as in section (2) to obtain the following compound. 

(+)-2-Benzyloxycarbonyl-5-bromo-1-methylisoindoline 

30 

[a] D 27 = 1 1 .0 (c = 1 .0, CHCI3). 

(3) In 48 ml of methylene chloride was dissolved 16.0 g of the 5-bromo-1 -methylisoindoline (derived from the dias- 
tereomer having a high polarity) obtained in section (2), and 8.02 g of triethylamine was added thereto. To the 

35 resulting solution were added dropwise a solution of 21 .0 g of trityl chloride in 80 ml of methylene chloride under 
ice-cooling over a period of 1 hour, and the resulting mixture was stirred at room temperature for 3 hours. To the 
reaction mixture was added 48 ml of water, after which the organic layer was separated. The organic layer obtained 
was washed with water, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to 
remove the solvent. Isopropanol was added to the resulting residue and the crystals were collected by filtration to 

40 obtain 28.7 g of purplish-red (+)-5-bromo-1-methyl-2-tritylisoindoline. 

[<z] D 27 = 91.9 (c= 1.1,CHCI 3 ). 
IR (KBr) cm" 1 : v 1595. 1447, 749, 710. 
NMR (CDCI3) 8 values: 
45 1 .37(3H, d, J=6.5Hz), 3.80-4.70(3H, m), 6.45-7.70(18H, m). 

Reference Example 10 

In 24 ml of toluene was suspended 1 .20 g of 5-bromo-2-(p-toluenesulfonyl)isoindoline, followed by adding thereto 
so 3.95 g of hexabutyldistannane and 39.4 mg of tetrakis(triphenylphosphine)palladium (0), and the resulting mixture was 
heated under reflux for 24 hours under a nitrogen atmosphere. The reaction mixture was concentrated under reduced 
pressure and the resulting residue was purified by a column chromatography (eluent; n-hexane : ethyl acetate = 10:1) 
to obtain 0.92 g of 2-(p-toluenesulfonyl)-5-tributylstannylisoindoline as an oil. 

55 I R (neat) cm' 1 : 
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v S o 2 1349, 1166. 



NMR(CDCI 3 ) 5 values: 

0.20-2.00(27H, m), 2.40(3H, s), 4.61 (4H, brs), 6.50-8.00(7H, m). 

10 The following compound was obtained in the same manner as above. 

2-Benzyloxycarbonyl-5-tributylstannylisoindoline 

IR (neat) cm 1 : vc=o 1718, 1709. 
is NMR(CDCI 3 ) 8 values: 

0.30-1. 70(27H, m), 4.73(4H, s), 5.15(2H, s), 6.80-7.40(8H, m). 

Reference Example 1 1 

20 In 45.3 g of 2,3-dimethylnitrobenzene was suspended 0.6 g of iron powder, followed by adding dropwise thereto 
57.5 g of bromine on an oil bath at 75°C, and the resulting mixture was stirred at the same temperature for 3.5 hours. 
The reaction mixture was cooled to room temperature and then added to a mixed solvent of 200 ml of ethyl acetate and 
200 ml of water, and the organic layer was separated. The organic layer obtained was washed with an aqueous sodium 
thiosulfate solution and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, 

25 and then distilled under reduced pressure to remove the solvent. The resulting residue was dissolved in 200 ml of meth- 
anol and 200 ml of concentrated hydrochloric acid, followed by adding thereto 50.0 g of iron powder by portions, and 
the resulting mixture was stirred at 70°C for 30 minutes. The reaction mixture was cooled to room temperature and then 
added to a mixed solvent of 300 ml of ethyl acetate and 300 ml of water, and the pH was adjusted to 10 with potassium 
carbonate, after which the organic layer was separated. The organic layer obtained was washed with water and then a 

30 saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced 
pressure to remove the solvent. The resulting residue was purified by a column chromatography (eluent; n-hexane : 
ethyl acetate = 10 : 1) to obtain 22.6 g of 5-bromo-2,3-dimethylaniline as a colorless oil. 

IR (KBr) cm" 1 : 

35 

v N H 2 3384. 



40 NMR(CDCI 3 ) 8 values: 

1.98(3H, s), 2.20(3H, s), 3.47(2H, brs), 6.20-6.80(2H, m). 

Reference Example 12 

45 In 50 ml of 42% borofluoric acid was suspended 5.00 g of 5-bromo-2,3-dimethylaniline, followed by adding drop- 
wise thereto 3.9 ml of an aqueous solution of 1 .80 g of sodium nitrite under ice-cooling, and the resulting mixture was 
stirred at the same temperature for 1 hour. The crystals precipitated were collected by filtration, dried under reduced 
pressure, and then heated at 60°C on an oil bath. At the time when a theoretical amount of nitrogen was produced, the 
reaction mixture was cooled to room temperature and then added to a mixed solvent of 50 ml of ethyl acetate and 50 

so ml of water, and the organic layer was separated. The organic layer obtained was washed with a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to 
remove the solvent. The resulting residue was purified by a column chromatography (eluent; n-hexane : ethyl acetate = 
30 : 1) to obtain 2.90 g of 5-bromo-2,3-dimethylfluorobenzene as a colorless oil. 

55 NMR (CDCI 3 ) 6 values: 

2.11(3H, d, J=2.0Hz), 2.24(3H, s), 6.80-7. 10(2H, m). 
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(1) In 50 ml of carbon tetrachloride was dissolved 4.90 g of 5-bromo-2,3-dimethylfluorobenzene, followed by adding 
thereto 9.50 g of N-bromosuccinimide and 10 mg of benzoyl peroxide, and the resulting mixture was stirred with 

5 heating under reflux for 2 hours. The reaction mixture was cooled to room temperature and then added to 50 ml of 

water, and the organic layer was separated. The organic layer obtained was washed with a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to 
remove the solvent. n-Hexane was added to the resulting residue and the crystals were collected by filtration to 
obtain 5.70 g of colorless 5-bromo-2,3-di(bromomethyl)fluorobenzene. 

10 (2) In 30 ml of N,N-dimethylformamide was suspended 1 .30 g of sodium hydride (purity: 60%), and 1 5 ml of a N,N- 
dimethylformamide solution containing 2.80 g of p-toluenesulfonamide was added thereto at room temperature, 
after which the resulting mixture was stirred at the same temperature for 30 minutes and then at 60°C for 1 hour. A 
solution of 5.70 g of S-bromo^.S-dKbromomethylJfluorobenzene in 15 ml of N.N-dimethylformamide was added to 
the reaction mixture at 60°C and the resulting mixture was stirred at the same temperature for 10 minutes. The 

15 reaction mixture was added to 200 ml of water and the precipitate was collected by filtration to obtain 2.40 g of 5- 
bromo-7-fluoro-2-(p-toluenesulfonyl)isoindoline as colorless crystals. 

IR (KBr) cm' 1 : vSOs 1343, 1 156. 
NMR(CDCI 3 ) 8 values: 
20 2.41(3H, s), 4.60(4H, brs), 6.50-7.90(6H, m). 

The following compounds were obtained in the same manner as above. 

5«Bromo-7-methoxy-2-(p-toluenesulfonyl)isoindoline 

25 

NMR (CDCI 3 ) 5 values: 

2.40(3H, s), 3.79(3H, s), 4.52(4H, brs), 6.70-7.95(6H, m). 

5-Bromo-6-fluoro-2-(p-toluenesultonyl)isoindoline 

30 

NMR (CDCI3) 8 values: 

2.40(3H, s), 4.55(4H, brs), 6.65-7.90(6H, m). 

Reference Example 14 

35 

In 10 ml of xylene was suspended 1.00 g of 5-bromo-7-fluoro-2-(p-toluenesulfonyl)isoindoline, followed by adding 
thereto 2.70 g of hexabutyldistannane and 19 mg of bis(triphenylphosphine)palladium(ll) chloride, and the resulting 
mixture was heated under reflux for 1 hour under an argon atmosphere. The reaction mixture was concentrated under 
reduced pressure and the resulting residue was purified by a column chromatography (eluent; n-hexane : ethyl acetate 
40 = 10 : 1) to obtain 1.10 g of 7-fluoro-2-(p-toluenesulfonyl)-5-tributylstannylisoindoline as an oil. 

IR (neat) cm" 1 : vso 2 1354, 1 166. 
NMR (CDCI3) 8 values: 

0.50-1 .70(27H, m), 2.40(3H, s), 4.63(4H, brs), 6.70-7.90(6H, m). 

45 

The following compounds were obtained in the same manner as above. 
4-Fluoro-2-(p-toluenesulfonyl)-5-tributylstannylisoindoline 
so IR (KBr) cm" 1 : 

v S o 2 1345, 1166, 



(-)-2-Benzyloxycarbonyl-1-methyl-5-trlbutylstannylisolndoline 
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Md = - 4 - 4 0 (C - 1.0. CHCI3). 
IR (neat) cm" 1 : vc=o 1708. 
NMR(CDCI 3 ) 8 values: 

0.60-1. 90(30H, m), 4.74(2H, brs) p 5.00-5.40(3H, m), 7.00-7.60(8H, m). 

7-Methoxy-2-(p-toluenesulfonyl)-5-tributylstannylisoindoline 

IR(KBr) cm" 1 : 

v S o 2 1343, 1163. 



NMR(CDCI 3 ) 8 values: 

15 0.50-1 .70(27H. m). 2.39(3H. s), 3.80(3H, s), 4.60(4H, brs), 6.65-7.95(6H, m). 

Reference Example 15 

The same procedure as in Reference Example 1 4 was repeated except for replacing the 5-bromo-7-f luoro-2-(p-tol- 
20 uenesulfonyl)isoindoline by 0.80 g of 5-bromo-6-f luoro-2-(p-toluenesulfonyl)isoindoline to obtain 0.63 g of 6-f luoro-2-(p- 
toluenesulfonyl)-5-tributylstannylisoindoline. 

Reference Example 16 

25 The same procedure as in Reference Example 1 4 was repeated except for replacing the 5-bromo-7-f luoro-2-(p-tol- 
uenesulfonyl)isoindoline by 2.74 g of (+)-2-benzyloxycarbonyl-5-bromo-1-methylisoindoline to obtain 2.70 g of (+)-2- 
ben2yloxycarbonyl-1-methyl-5-tributylstannylisoindoline. 

Reference Example 17 

30 

In 75 ml of anhydrous tetrahydrofuran was dissolved 15.0 g of (+)-5-bromo-1-methyl-2-tritylisoindoline, and the 
solution was cooled to -72°C under a nitrogen atmosphere, after which 22.3 ml of a 1.63 M solution of n-butyllithium in 
n-hexane was added dropwise thereto over a period of 15 minutes, and the resulting mixture was stirred at the same 
temperature for 1 hour. To the reaction mixture was added dropwise 7.45 g of triisopropoxyborane at -72°C over a 
35 period of 20 minutes, and the resulting mixtuere was stirred at the same temperature for 30 minutes. The reaction mix- 
ture was added to 75 ml of ice water and the pH was adjusted to 6.8 with 1 N hydrochloric acid, after which the organic 
layer was separated. The organic layer obtained was washed with water, dried over anhydrous magnesium sulfate, and 
then distilled under reduced pressure to remove the solvent. Cyclohexane was added to the resulting residue and the 
crystals were collected by filtration to obtain 1 1 .2 g ofcolorless (+)-1-methyl-2-tritylisoindoline-5-boronic acid. 

40 

[a] D 27 m 57.7 (c = 1.1, CHCI 3 ). 
IR(KBr)cnr 1 :v B _o 1356. 
NMR(CDCI 3 ) 5 values: 

1.39(3H, d, J=6.5Hz), 3.90-4.70(3H, m), 6.70-7.75(1 8H, m). 

45 

Example 1 

In 7 ml of xylene was suspended 0.35 g of ethyl 7-bromo-1-cyclopropyl-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylate, followed by adding thereto 1.02 g of 7-fluoro-2-(p-toluenesulfbnyl)-5-tributylstannylisoindoline and 0.07 g of 
50 bis(triphenylphosphine)palladium(ll) chloride, and the resulting mixture was heated under reflux for 2 hours under an 
argon atmosphere. The reaction mixture was concentrated under reduced pressure and the resulting residue was puri- 
fied by a column chromatography (eluent; chloroform : ethanol = 50 : 1), after which diethyl ether and ethanol were 
added to the purified product and the crystals were collected by filtration to obtain 0.35 g of colorless ethyl 1-cyclopro- 
pyl-7-[7-fluoro-2-(p-toluenesulfonyl)-isoindolin-5-yl]-8-methyl-1,4-dihydro-4-oxoq 

55 

IR(KBr)crrr 1 :vc=0 1724. 
NMR (CDCI3) 8 values: 

0.90-1 .70(7H, m), 2.42(3H, s), 2.55(3H, s), 3.70-4.10(1 H, m), 4.40(2H, q, J=7.0Hz), 4.71 (4H, s), 6.60- 
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7.90(7H, m), 8.31(1 H, d, J=8.5Hz), 8.69(1 H, s). 

Examples 2 to 14 

The following compounds were obtained in the same manner as in Example 1 . 
No. 2: Ethyl 1-cyclopropyl-7-[2-(p-toluenesulfonyl)-isoindolin-5-yl]-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylate 

IR (KBr) cm* 1 : vc=o 1721. 
NMR(CDCI 3 ) 8 values: 

0.70-1 .70(7H, m), 2.40(3H, s), 2.53(3H, s), 3.65-4.90(7H, m), 6.90-7.95(8H, m), 8.30(1 H, d, J=8.0Hz), 
8.68(1 H, s). 

No. 3: Ethyl 1-cyclopropyl-8-fluoro-7-[2-(p-toluenesulfbnyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquinoline-3-carboxylate 

IR (KBr) cm' 1 : vc=o 1730, 1680. 
NMR(CDCI 3 ) 5 values: 

0.90-1 .60(7H, m), 2.41(3H, s), 3.60-4.00(11-1, m), 4.40(21-1, q, J=7.0Hz), 4.70(4H, s), 6.80-7.80(8H, m), 
8.30(1 H, d, J=8.5Hz), 8.59(1 H, S). 

No. 4: Ethyl 7-[2-(benzyloxycarbonyl)isoindolin-5-yl]-1 -cyclopropyl-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxy- 
late 

IR(KBr)cm" 1 :vc=o1716. 
NMR (CDCI 3 ) 6 values: 

0.70-1 .70(7H, m), 3.36(3H, s), 3.70-4.1 0(1 H, m), 4.40(2H, q, J=7.5Hz), 4.83(4H, s), 5.23(2H, s), 6.90- 
7.70(9H, m), 8.28(1 H, d, J=8.5Hz), 8.63(1 H, s). 

No. 5: Ethyl 7-[2-(benzyloxycarbonyl)isoindolin-5-yl]-1 -cyclopropyl-8-trif luoromethyl- 1 ,4<Jihydro-4-oxoquinoline-3-car- 
boxylate 

IR (KBr) cm' 1 : vc=o 1729. 
NMR (CDCI3) 5 values: 

0.45-1.70(7H, m), 3.65-4.10(1H, m), 4.41 (2H, q. J=7.5Hz), 4.84(4H, s), 5.23(2H, s), 6.85-7.80(9H, m), 8.25- 
8.80(2H, m). 

No. 6: Ethyl 1 -cyclopropyl-7-[7-fluoro-2-(p-toluenesulfonyl)isoindolin-5-yl]-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylate 

IR (KBr) cm" 1 : vc=o 1732, 1691. 
NMR (CDCI3) 6 values: 

0.90-1 .60(7H, m), 2.42(3H, s), 3.36(3H, s), 3.70-4.10(1 H, m), 4.40(2H, q, J=7.0Hz), 4.72(4H, s), 7.00- 
7.90(7H, m), 8.27(1 H, d. J=8.5Hz), 8.62(1 H, s). 

No. 7: Ethyl 1 -cyclopropyl-8-dif luoromethoxy-7-[2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylate 

IR (KBr) cm" 1 : vc=o 1731. 

No. 8: Ethyl 1-cyclopropyl-8<lifluoromethoxy-7-t7-tluoro-2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquino- 
line-3-carboxylate 

IR (KBr) cm' 1 : vc=o 1724. 
NMR (CDCI3) 5 values: 

0.90-1 .60(7H, m), 2.42(3H, s), 3.80-4.20(1 H, m), 4.40(2H, q p J=7.0Hz), 4.72(4H, s), 5.88(1 H, t, J=72.5Hz), 
7.10-7.90(7H, m), 8.41(1 H, d, J=8.5Hz), 8.64(1 H, s). 
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No. 9: Ethyl 1 -cyclopropyl-7-[4-f luoro-2-(p-toluenesulfonyl)isoindolin-5-y1]-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-car- 
boxylate 

NMR(CDCI 3 ) 8 values: 

5 0.70-1 .80(7H, m), 2.42(3H, s), 3.36(3H, s), 3.70-4.10(1 H, m), 4.40(2H, q, J=7.0Hz), 4.73(4H, s), 6.80- 

7.95(7H, m), 8.27(1 H, d, J=8.5Hz), 8.63(1 H, s). 

No. 1 0 : Ethyl 1 -cyclopropyl-8-d'rf luoromethoxy-7-[7-methoxy-2-(p-toluenesulfonyl)isoindolin-5-yl]- 1 ,4-dihydro-4-oxoqui- 
nol i ne-3 -carboxyl ate 

10 

IR(KBr)cm" 1 :vc=o1698. 
NMR(CDCI 3 ) 8 values: 

0.70-1.60(71-1, m), 2.40(3H, s), 3.85(3H, s), 3.90-4.70(7H, m), 5.85(1 H, t, J=74Hz), 6.70-7.40(6H, m), 
7.79(1 H, d, J=8.5Hz), 8.41 (1H, d. J=8.5Hz), 8.65(1 H, s). 

15 

No. 1 1 : Ethyl (±)-1 -cyclopropy I -8-methoxy-7-[1 -methyl -2-(p-toluenesulfonyl)isoindolln-5-yl]-1,4-dihydro-4-oxoquinoline- 
3-carboxylate 

IR(KBr)cnY 1 :vc=o1732. 
20 NMR(CDCI 3 ) 8 values: 

0.70-1 .90(10H, m), 2.37(3H, s), 3.29(3H, s), 3.70-5.20(6H, m), 7.00-7.90(8H, m), 8.13(1H, d, J=8.5Hz), 
8.60(1 H, s). 

No. 1 2: Ethyl (±)-1 -cyclopropyl-8-dif luoromethoxy-7-[1 -methyl-2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxo- 
25 quinoline-3-carboxylate 

IR(KBr)cm" 1 :vc=o1726. 
NMR(CDCI 3 ) 8 values: 

0.70-1 .90(10H, m), 2.39(3H, s), 3.60-5.20(6H, m), 5.80(1 H, t, J=74Hz), 7.00-7.90(8H p m), 8.41 (1H, d, 
30 J=8.5Hz), 8.65(1 H, s). 

No. 1 3: Ethyl (+)-1 -cyclopropyl-8-difluoromethoxy-7-[2-benzyloxycarbonyl-1 -methylisoindolin-5-yl]-1 ,4-dihydro-4-oxo- 
quinoline-3-carboxylate 

35 [cc] D 27 = 6.70 (C = 1 .0, CHCI 3 ). 

IR (KBr) cm" 1 : vc-o 1733. 1700. 
NMR(CDCI 3 ) 8 values: 

0.80-1 .80(10H, m), 3.90-4.20(1 H, m), 4.41 (2H, q, J=7.0Hz), 4.83(2H, brs), 5.10-5.40(3H, m), 5.87(1 H, t, 
J=75Hz), 7.20-7.70(9H, m), 8.44(1 H, d, J=8.5Hz), 8.68(1 H, s). 

40 

No. 1 4: Ethyl (-)-1 -cyclopropyl-8-dif luoromethoxy-7-[2-benzyloxycarbonyl-1 -methylisoindolin-5-yl]-1 ,4-dihydro-4-axo- 
quinoline-3-carboxylate 

[a] D 27 = -6.84 (c = 0.8, CHCI 3 ). 
45 IR (KBr) cm" 1 : vc=o 1732, 1703. 

Example 15 

In the same manner as in Example 1, 0.45 g of ethyl 7-bromo-8-chloro-1-cyclopropyl-1,4-dihydro-4-oxoquinoline- 
50 3-carboxylate was reacted with 1.02 g of 2-(p-toluenesulfonyl)-5-tributylstannylisoindoline to obtain 0.54 g of ethyl 8- 
chloro-1-cyclopropyl-7-[2-(p-toluenesulfon^ 

Example 16 

55 In the same manner as in Example 1 , 0.23 g of ethyl 7-bromo-1 -cyclopropyl-8-methoxy-1 ,4-dihydro-4-oxoquinoline- 
3-carboxylate was reacted with 0.63 g of 6-fluoro-2-(p-toluenesulfonyl)-5-tributylstannylisoindoline to obtain 0.25 g of 
ethyl 1-cyclopropyl-7-[6-fluoro-2-(p-toluenesufo 
late. 
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Example 17 

In 7 ml of toluene was suspended 0.70 g of ethyl 7-bromo-1-cyclopropyl-8-difluoromethoxy-1 t 4-dihydro-4-oxc>quin- 
oline-3-carboxylate, followed by adding thereto 3 ml of ethanol, 1.74 ml of a 2 M aqueous sodium carbonate solution, 
0.80 g of (+)-1-methyl-2-tritylisoindoline-5-boronic acid and 0.05 g of bis(triphenylphosphine)palladium(ll) chloride, and 
the resulting mixture was heated under reflux for 2 hours under a nitrogen atmosphere. The reaction mixture was added 
to a mixed solvent of 10 ml of ethyl acetate and 10 ml of water, and the organic layer was separated. The organic layer 
obtained was washed with a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and 
then distilled under reduced pressure to remove the solvent. The resulting residue was purified by a column chroma- 
tography (eluent; n-hexane : ethyl acetate =1 : 1) to obtain 0.72 g of ethyl (+)-1-cyclopropyl-8-difluoromethoxy-7-(1- 
methyl-2-tritylisoindolin-5-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylate as colorless crystals. 

[a] D 27 = 32.0 (c = 1 .0, CHCI 3 ). 
IR (KBr) cm/ 1 : vc=o 1734, 1691. 
NMR(CDCI 3 ) 8 values: 

0.80-1 .90(10H, m), 3.90-4.90(6H, m), 5.51(1H, t, J=75Hz), 6.70-8.00(1 9H, m), 8.35(1H, d, J=8.0Hz), 
8.66(1 H,s). 

Example 18 

In 3.3 ml of ethanol was suspended 0.33 g of ethyl 1-cyclopropyl-7-[7-fluoro-2-(p-toluenesulfonyl)-isoindolin-5-yl]- 
8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylate, followed by adding thereto 3.3 ml of a 1 N aqueous sodium hydrox- 
ide solution and 3.3 ml of dioxane, and the resulting mixture was stirred at 40°C for 30 minutes. To the reaction mixture 
was added 3.3 ml of 1 N hydrochloric acid and the crystals were collected by filtration to obtain 0.31 g of colorless 1 - 
cyclopropyl-7-[7-fluoro-2-(p-toluenesulfo^ ac id. 

IR (KBr) crrr 1 :vc=o 1725. 
NMR(CDCI 3 ) 5 values: 

0.90-1 .40(4H, m), 2.42(3H, s), 2.63(3H, s), 3.90-4.30(1 H, m), 4.72(4H, s), 6.70-7.90(7H, m), 8.33(1 H, d, 
J=8.5Hz), 8.97(1H, s), 14.50(1H, s). 

Examples 19 to 30 

The following compounds were obtained in the same manner as in Example 18. 

No. 19: 1-Cyclopropyl-8-methyl-7-[2-(p-toluenesulfonyl)isoindolin-5-yl]-1 p 4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR (KBr) cm' 1 : vc=o 1718. 
NMR(CDCI 3 ) 5 values: 

0.70-1 80(4H, m), 2.42(3H, s). 2.62(3H, s), 3.80-4.30(1 H, m), 4.69(4H, s), 6.85-7.95(8H, m), 8.34(1 H, d, 
J=8.5Hz), 8.97(1 H, s), 14.59(1 H, brs). 

No. 20: 1 -Cyclopropyl-8-fluoro-7-[2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr)cnY 1 :vc=o1727. 
NMR (CDCI3) 8 values: 

0.90-1 .60(4H, m), 2.41 (3H, s), 3.80-4.20(1 H, m), 4.70(4H, s), 7.00-7.90(8H, m), 8.33(1 H, d, J=9.0Hz), 
8.88(1 H,s), 14.37(1 H, brs). 

No. 21 : 7-[2-(BenzyloxycarbonyI)isoindolin-5-yl]-1 -cyclopropyl-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR (KBr) cm" 1 : vc=o 1724. 
NMR (CDCI3) 8 values: 

0.80-1. 70(4H, m), 3.39(3H, s). 3.80-4.30(1 H m), 4.84(4H, s), 5.23(2H, s), 6.90-7.70(9H, m), 8.30(1 H, d, 
J=8.5Hz), 8.91(1H, s), 14.5(1H, brs). 
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No. 22: 7-[2-(Benzyloxycarbonyl)isoindolin-5-yl]-1 -cyclopropyl-8-trif luoromethyl-1 ,4-dihydro-4-oxcxiuinoline-3-carboxy- 
lic acid 

IR(KBr)cm" 1 :vc=o1716. 
NMR(CDCI 3 ) 8 values: 

0.40-1 .70(4H, m), 3.80-4.45(1 H, m), 4.85(4H, s), 5.23(2H, s), 6.95-7. 75(9H, m), 8.70(1 H, d, J=8.0Hz), 
8.97(1 H, s), 13.9(1 H, brs). 

No. 23: 1 -Cyclopropyl-7-[7-f luoro-2-(p-toluenesulfonyl)isoindolin-5-yl]-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carbox- 
ylic acid 

IR(KBr)crrf 1 :vc=o1724. 
NMR (CDCI 3 ) 8 values: 

1.00-1 .40(4H, m), 2.42(3H, s), 3.40(3H, s), 3.90-4.30(1 H. m), 4.73(4H, s), 7.00-7.90(7H, m), 8.23(1 H, d, 
J=8.5Hz). 8.90(1 H. s). 14.48(1 H, brs). 

No. 24: 1 -Cyclopropyl-8-dif luoromethoxy-7-[2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquinoline-3-carboxy- 
lic acid 

IR(KBr)cm- 1 :vc=o 1719. 

No. 25: 1 -Cyclopropyl-8-dif luoromethoxy-7-[7-f luoro-2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4<lihydro-4-oxoquinoline-3- 
carboxylic acid 

IR(KBr)cm" 1 :vc=o 1727. 
NMR (CDCI3) 8 values: 

0.90-1. 50(4H, m), 2.42(3H, S), 4.00-4.40(1 H, m), 4.73(4H, s), 5.94(1 H, t, J=72.5Hz), 7.10-7.90(7H, m), 
8.45(1H, d, J=9.0Hz), 8.92(1H, s), 14.17(1H ( brs). 

No. 26: 1 -Cyclopropyl-7-[4-f luoro-2-(p-toluenesulfonyl)isoindolin-5-yl]-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carbox- 
ylic acid 

NMR (CDCI3) 8 values: 

0.70-1 .80(4H, m), 2.43(3H, s), 3.40(3H, s), 3.80-4.20(1 H, m), 4.74(4H, s), 6.80-7.90(7H, m). 8.30(1 H, d, 
J=8.5Hz), 8.92(1H, s), 14.4(1 H, brs). 

No. 27: (+)-1 -Cyclopropyl-8-methoxy-7-[1 -methyl-2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquinoline-3- 
carboxylic acid 

NMR (d r TFA) 8 values: 

1.00-1.80(7H, m), 2.31 (3H, s), 3.40(3H, s), 4.30-5.40(4H, m), 7.00-8.00(8H, m), 8.40(1 H, d, J=8.0Hz), 
9.35(1H,s). 

No. 28: (±)-1 -Cyclopropyl-8-dif luoromethoxy-7-[1 -methyl-2-(p-toluenesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquino- 
line-3-carboxylic acid 

IR(KBr)crrT 1 :vc=0 1733. 
NMR (d r TFA) 8 values: 

1.00-1 .90(7H, m), 2.35(3H, s), 4.30-5.40(4H, m), 5.94(1 H, t J=74Hz), 6.90-8.1 0(8H, m), 8.63(1 H, d, 
J=8.5Hz), 9.50(1 H, s). 

No. 29: (+)-1 -Cydopropyl-8-dif luoromethoxy-7-[2-benzyloxycarbonyl-1 -methylisoindolin-5-yl]-1 ,4-dihydro-4-oxoquino- 
line-3-carboxylic acid 

[a] D 29 = 4.50 (c = 0.2, CHCI3). 
IR(KBr) cm' 1 :vc=o 1718. 
NMR (CDCI3) 8 values: 

1.00-2.00(7H, m), 4.1 0-4.40(1 H, m), 4.84(2H, brs), 5.10-5.60(3H, m), 5.91 (1H, t, J=75Hz), 7.20-8.00(9H, 
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m), 8.47(1 H. d, J=8.5Hz), 8.96(1 H, s). 

No. 30: (-)-1 -Cyclopropyl-8-d"rfluoromethoxy-7-[2-benzyloxycarbonyl-1 -methylisoindolin-5-yl]-1 ,4-dihydro-4-oxoquino- 
line-3-carboxylic acid 

5 

[cc] D 28 = "5.86 (c= 1.1, CHCI 3 ). 
IR (KBr) cm' 1 : vc=o 1716, 1700. 

Example 31 

10 

In the same manner as in Example 18, 0.50 g of ethyl 8-chloro-1-cyclopropyl-7-[2-(p-toluenesulfonyl)-isoindolin-5- 
yl]-1,4<Jihydro-4-oxoquinoline-3-carboxylate was hydrolyzed to obtain 0.47 g of 8-chloro-1-cyclopropyl-7-[2-(p-tolue- 
nesulfonyl)isoindolin-5-yl]-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid. 

15 Example 32 

In the same manner as in Example 18, 0.25 g of ethyl 1-cyclopropyl-7-t6-fluoro-2-(p-toluenesulfonyl)-isoindolin-5- 
yl]-8-methoxy-1 ,4<iihydro-4-oxoquinoline-3-carboxylate was hydrolyzed to obtain 0.10 g of 1-cyclopropyl-7-[6-fluoro-2- 
(p-toluenesulfonyl)isoindolin-5-yl]-8-methoxy^ acid. 

20 

Example 33 

In 10 ml of methylene chloride was suspended 0.28 g of ethyl 1 -cyclopropyl-8-difluoromethoxy-7-[7-methoxy-2-(p- 
toluenesulfonyl)isoindolin-5-yl]-1,4-dihydro-4-oxoquinoline-3-carboxylate, and the suspension was cooled to -30°C, 

25 after which 1 .3 ml of 1 .0 M solution of boron tribromide in methylene chloride was added dropwise thereto over a period 
of 5 minutes, and the resulting mixture was stirred at 0°C for 2 hours. The reaction mixture was added to a mixed solvent 
of 10 ml of chloroform and 10 ml of water, and the organic layer was separated. The organic layer obtained was washed 
with water, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. 
The resulting residue was purified by a column chromatography (eluent; chloroform : acetone = 5:1) and the crystals 

30 thus obtained were suspended in 1 .5 ml of ethanol and 1 .5 ml of dioxane, after which 0.74 ml of a 1 N aqueous sodium 
hydroxide solution was added thereto and the resulting mixture was stirred at 60° C for 30 minutes. To the reaction mix- 
ture was added 0.74 ml of 1N hydrochloric acid and the crystals were collected by filtration to obtain 0.12 g of light- 
brown 1-cyclopropyl-8<Jifluoromethoxy-7-[7-hydroxy^ 
3-carboxylic acid. 

35 

IR (KBr) cm' 1 : vc=o 1700. 
NMR (d 6 -DMSO) 5 values: 

0.90-1 .40(7H, m), 2.49(3H, s), 3.90-4.70(5H, m), 6.56(1 H, t, J=74Hz), 6.92(2H, s), 7.35-7.85(5H, m), 
8.31 (1H, t, J=8.5Hz), 8.86(1 H, s), 9.94(1 H, s). 

40 

Example 34 

In 3.0 ml of 47% hydrobromic acid was suspended 0.30 g of 1-cyclopropyl-7-[7-fluoro-2-(p-toluenesulfonyl)isoindo- 
lin-5-yl]-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid, followed by adding thereto 0.16 g of phenol and 1 .8 ml 

45 of propionic acid, and the resulting mixture was heated at 100°C for 10 hours under a nitrogen atmosphere. The reac- 
tion mixture was concentrated under reduced pressure, after which ethanol was added to the resulting residue and the 
crystals were collected by filtration to obtain 0.21 g of colorless 1-cyclopropyl-7-(7-fluoroisoindolin-5-yl)-8-methyl-1,4- 
dihydro-4-oxoquinoline-3-carboxylic acid hydrobromide. The hydrobromide obtained was suspended in 1.3 ml of etha- 
nol and dissolved in 2.6 ml of a 0.5 N aqueous sodium hydroxide solution, after which carbon dioxide was bubbled into 

so the resulting solution and the crystals were collected by filtration to obtain 0.10 g of colorless 1-cyclopropyl-7-(7-fluor- 
oisoindolin-5-yl)-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylicacid. 

IR (KBr) cm* 1 : vc=o 1721. 
NMR (d r TFA) 5 values: 

55 1.20-1 .80(4H, m), 2.98(3H, s), 4.50-4.90(1 H, m), 5.08(4H, s), 7.00-7.40(2H, m), 7.88(1 H, d, J=8.5Hz), 

8.70(1 H, d, J=8.5Hz), 9.67(1 H, s). 
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Examples 35 to 45 

The following compounds were obtained in the same manner as in Example 34. 

No. 35: 1-Cyclopropyl-7-(isoindolin-5-yl)-8-methyl-1,4<H^ acid 

IR(KBr)cm 1 :vc=o1625. 
NMR (d r TFA) 8 values: 

0.90-2.05(4H, m), 2.96(3H, s), 4.30-5.35(5H, m), 7.20-8.00(4H, m), 8.69(1 H, d, J=9.0Hz), 9.65(1 H, s). 

No. 36: 1-Cyclopropyl-8-fluoro-7-(isoindolin-5-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr)cnr 1 :vc=o1647. 
NMR (d r TFA) 8 values: 

1.20-1.80(4H, m), 4.30-4.70(1 H, m), 5.03(4H, s). 7.30-8.20(4H, m), 8.68(1 H, d, J=9.5Hz), 9.53(1 H, s). 

No. 37: 8-Chloro-1-cyclopropyl-7-(isoird^ acid 

IR(KBr)cm' 1 :vc=o1637. 
NMR (d r TFA) 8 values: 

1.10-1.90(4H, m) ( 4.30-5.30(5H, m), 7.40-8.50(4H, m), 8.78(1H, d, J=9.0Hz), 9.70(11-1, s). 

No. 38: 1 -Cyclopropyl-7-(7-f luoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr)cm 1 :vc=o1724. 
NMR (d r TFA) 8 values: 

1.10-1.70(4H, m), 3.65(3H, s), 4.40-4.90(1H, m), 5.08(4H, S), 7.30-7.70(2H, m), 8.00(1H, d, J=9.0Hz), 
8.61 (1H, d, J=9.0Hz), 9.54(1 H, s). 

No. 39: 1-Cyclopropyl-8-difluoromethoxy-7-(isoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr)cm' 1 :vc=:o1607. 
NMR (d r TFA) 8 values: 

1.00-1.90(4H, m), 4.40-5. 10(5H, m), 6.17(1H f t, J=73.0Hz), 7.40-7.80(3H, m), 8.09(1 H, d, J=9.0Hz), 
8.77(1H, d, J=9.0Hz), 9.60(1 H ( s). 

No. 40: 1 -Cyclopropyl-8-dif luoromethoxy-7-(7-f luoroisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr) cm- 1 :vc=:0 1720. 
NMR (d-j-TFA) 8 values: 

1.00-1.90(4H, m), 4.50-4.90(1 H, m), 5.08(4H, s), 6.28(1 H, t, J=72.5Hz), 7.30-7.70(2H, m), 8.08(1 H, d, 
J=9.0Hz), 8.80(1 K d. J=9.0Hz). 9.63(1 H, s). 

No. 41: 1-Cyclopropyl-7-(6-fluoroisoindolin-5-yl)-8-methoxy-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr)cm' 1 :vc=o 1625. 

No. 42: 1 -Cyclopropyl-7-(4-f luoroisoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 
IR(KBr)crrf 1 :vc=o 1718. 

No. 43: 1-Cyclopropyl-8-dlfluoromethoxy-7-(7-hydroxyisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR(KBr)crrf 1 :vc=o1611. 
NMR (d 6 -DMSO) 8 values: 

0.80-1 .40(4H, m), 3.80-4.40(5H, m), 6.54(1 H, t, J=74Hz), 6.90(2H, s), 7.62(1 H, d, J=8.5Hz), 8.32(1 H, d, 
J=8.5Hz), 8.86(1 H, s). 
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No. 44: (=fc)-1 -Cyclopropyl-8-methoxy-7-(1-methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR (KBr) cm" 1 : vc=o 1718. 
NMR(d r TFA) 8 values: 

5 1.20-2.30(7H, m), 3.63(3H, s), 4.40-5.60(4H, m), 7.30-8.15(4H, m), 8.63(1 H, d, J=9.0Hz), 9.56(1 H, s). 

No. 45: (i)-1-Cyclopropyl-8^ifluoromethoxy-7-(1-iTiethylisoindolin-5-yi)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

IR (KBr) cm" 1 : vc=o 1636. 
10 NMR (d-j-TFA) 8 values: 

1.10-2.20(7H, m), 4.40-5.70(4H, m), 6.15(1H, t, J=74Hz), 7.20-8.25(4H, m), 8.73(1H, d, J=8.5Hz), 9.63(1H, 

s). 

Example 46 

15 

In 1 4 ml of acetic acid and 1 40 mg of 5% palladium-carbon was suspended 1 40 mg of 7-[2-(benzyloxycarbonyl)iso- 
irxiolin-5-yl]-1-cyclopropyl-8-m acid, and the suspension was stirred at 

room temperature for 2 hours under a hydrogen atomsphere. The reaction mixture was filtered and the filtrate was con- 
centrated under reduced pressure. Ethanol and diethyl ether were added to the resulting residue and the crystals were 
20 collected by filtration. To the crystals collected were added 0.8 ml of ethanol, 0.8 ml of a 1 N aqueous sodium hydroxide 
solution and 0.8 ml of water to dissolve the crystals, after which carbon dioxide was bubbled into the resulting solution 
and the crystals were collected by filtration to obtain 74 mg of colorless 1 -cyclopropyl-7-(isoindolin-5-yl)-8-methoxy-1 ,4- 
dihydro-4-oxoquinoline-3-carboxylic acid. 

25 IR (KBr) cm" 1 : vc=o 1628. 

NMR (d r TFA) 8 values: 

1.10-1.80(4H, m), 3.62(3H, s), 4.40-5.20(5H, m), 7.40-8.30(4H, m), 8.61(1H, d, J=9.0Hz), 9.55(11-1, s). 
Examples 47 to 49 

30 

The following compounds were obtained in the same manner as in Example 46. 

No. 47: 1 -Cyclopropyl-7-(isoindolin-5-yl)-8-trifluoromethyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

35 IR (KBr) cm" 1 : vc=o 1638. 

NMR (d-j-TFA) 8 values: 

0.50-2.00(4H, m), 4.35-5.45(5H, m), 7.20-8.40(4H, m), 8.90(1 H, d, J=8.0Hz), 9.70 (1 H, s). 

No. 48: (+)-1 -Cyclopropyl-8-difluoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

40 

[a] D 28 = +5.26 (c = 0.5, 0.1 N NaOH). 
IR (KBr) cm" 1 : vc=o 1630. 

No. 49: (-)-1 -Cyclopropyl-8-dif luoromethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

45 

[a] D 29 = -5.20 (C = 0.5, 0.1N NaOH). 
IR (KBr) cm" 1 : vc=o 1630. 
NMR (d r TFA) 8 values: 

1.20-2.10(7H, m), 4.60-5.20(3H, m), 5.20-5.60(1H, m), 6.20(1H, t, J=73Hz), 7.60-8.00(3H, m), 8.12(1H, d, 
so J^.SHz), 8.80(1 H, d, J=8.5Hz), 9.65(1 H, s). 

Example 50 

In 4 ml of ethanol was suspended 1.00 g of ethyl (-)-1-cyclopropyl-8-difluoromethoxy-7-(1-methyl-2-tritylisoindolin- 
55 5-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylate, followed by adding thereto 0.26 ml of 6N hydrochloric acid, and the 
resulting mixture was stirred at room temperature for 30 minutes. The reaction mixture was filtered, after which 0.75 ml 
of a 5N aqueous sodium hydroxide solution was added to the filtrate and the resulting mixture was stirred at room tem- 
perature for 1 hour. To the reaction mixture was added 1 6 ml of water, followed by filtration. Carbon dioxide was bubbled 
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into the filtrate and the crystals were collected by filtration to obtain 0.56 g of light-yellow (-)-1-cyclopropyl-8-difluor- 
omethoxy-7-(1 -methylisoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid. 

Physical properties of this compound were the same as those of the compound obtained in Example 49. 

5 Example 51 

To 100 mg of 1-cyclopropyl-7-(isoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid were added 
1 ml of formic acid and 65 mg of formalin, and the resulting mixture was heated under reflux for 1 hour, after which the 
solvent was distilled under reduced pressure to remove the solvent. To the resulting residue was added 5 ml of water, 

10 and the resulting mixture was adjusted to pH 7 with a saturated aqueous sodium hydrogencarbonate solution and 
extracted with five 5-ml portions of chloroform. The chloroform layer obtained was dried over anhydrous magnesium 
sulfate and then distilled under reduced pressure to remove the solvent. To the resulting residue were added ethanol 
and diethyl ether, and the crystals were collected by filtration. To the crystals collected were added 1 ml of ethanol, 1 ml 
of a 1 N aqueous sodium hydroxide solution and 1 ml of water to dissolve the crystals, after which carbon dioxide was 

15 bubbled into the resulting solution and the crystals were collected by filtration to obtain 76 mg of light-yellow 1 -cyclopro- 
pyl-8-methoxy-7-(2-methylisoinc^ acid. 

IR(KBr)crrT 1 :vc=o 1726. 
NMR(d r TFA) 8 values: 

20 1.10-1.80(4H, m), 3.37(3H, s), 3.60(3H, s), 4.30-5.50(5H, m), 7.40-8.10(4H, m), 8.61(1H, d, J=9.0Hz), 

9.54(1 H.s). 

Example 52 

25 In the same manner as in Example 51, 1-cyclopropyl-8-difluoromethoxy-7-(2-methylisoindolin-5-yI)-1,4-dihydro-4- 
oxoquinoline-3-carboxylic acid was obtained. 

IR(KBr)cm~ 1 :vc=o 1723. 
NMR (d-j-TFA) 8 values: 

so 1.10-1.90(4H, m) p 3.37(3H, s), 4.30-5.50(5H, m), 6.21(1H, t, J=72Hz), 7.20-8.20(4H, m), 8.79(1H, d, 

J=9.0Hz), 9.62(1 H, s). 

INDUSTRIAL APPLICABILITY 

35 The quinolone derivatives or their salts of the present invention exhibit a strong antibacterial activity against Gram- 
positive bacteria and Gram-negative bacteria, particularly against MRS A and are very safe compounds. Therefore, they 
are useful as agents for curing various infectious diseases. 

Claims 

40 

1. A quinolonecarboxylic acid derivative represented by the general formula [1], or its salt: 



45 R6 O 

CO2R 1 

[13 



55 

wherein R 1 represents a hydrogen atom or a carboxyl-protecting group; R 2 represents a substituted or unsubsti- 
tuted alkyl, alkenyl, cycloalkyl, aryl or heterocyclic group; R 3 represents at least one member selected from the 
group consisting of a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl, alkenyl, cycloalkyl, aryl, 
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alkoxy or alkylthio group, a nitro group, a cyano group, an acyl group, a protected or unprotected hydroxy! group, 
and a protected or unprotected, or substituted or unsubstituted amino group; R 4 represents at least one member 
selected from the group consisting of a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl, alke- 
nyl, cycloalkyl, aralkyl. aryl. alkoxy or alkylthio group, a protected or unprotected hydroxyl or imino group, a pro- 

5 tected or unprotected, or substituted or unsubstituted amino group, an alkylidene group, an oxo group and a group 

forming a cycloalkane ring together with the carbon atom to which R 4 is bonded; R 5 represents a hydrogen atom 
or a substituted or unsubstituted alkyl, cycloalkyl, alkylsulfonyl, arylsulfonyl, acyl or aryl group; R 6 represents a 
hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl, alkoxy or alkylthio group, a protected or 
unprotected hydroxyl or amino group, or a nitro group; and A represents CH or C-Y in which Y represents a halogen 

10 atom, a substituted or unsubstituted alkyl, alkoxy or alkylthio group, or a protected or unprotected hydroxyl group. 

2. The quinolonecarboxylic acid derivative or its salt according to Claim 1, wherein R 2 represents a substituted or 
unsubstituted lower alkyl, lower alkenyl, cycloalkyl, aryl or heterocyclic group; R 3 represents at least one member 
selected from the group consisting of a hydrogen atom, a halogen atom, a substituted or unsubstituted lower alkyl. 

is lower alkenyl, cycloalkyl, aryl, lower alkoxy or lower alkylthio group, a nitro group, a cyano group, an acyl group, a 
protected or unprotected hydroxyl group, and a protected or unprotected, or substituted or unsubstituted amino 
group; R 4 represents at least one member selected from the group consisting of a hydrogen atom, a halogen atom, 
a substituted or unsubstituted lower alkyl, lower alkenyl, cycloalkyl, aralkyl, aryl, lower alkoxy or lower alkylthio 
group, a protected or unprotected hydroxyl or imino group, a protected or unprotected, or substituted or unsubsti- 

20 tuteci amino group, a lower alkylidene group, an oxo group and a group forming a cycloalkane ring together with the 
carbon atom to which R 4 is bonded; R 5 represents a hydrogen atom or a substituted or unsubstituted lower alkyl, 
cycloalkyl, lower alkylsulfonyl, arylsulfonyl, acyl or aryl group; R 6 represents a hydrogen atom, a halogen atom, a 
substituted or unsubstituted lower alkyl, lower alkoxy or lower alkylthio group, a protected or unprotected hydroxyl 
or amino group, or a nitro group; and A represents CH or C-Y in which Y represents a halogen atom, a substituted 

25 or unsubstituted lower alkyl, lower alkoxy or lower alkylthio group, or a protected or unprotected hydroxyl group. 

3. The quinolonecarboxylic acid derivative or its salt according to Claim 1 or 2, wherein R 2 represents a substituted 
or unsubstituted cycloalkyl group. 

30 4. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 3, wherein R 3 represents at 
least one member selected from the group consisting of a hydrogen atom, a halogen atom, a substituted or unsub- 
stituted lower alkyl, lower alkoxy or lower alkylthio group, a nitro group, a cyano group and a protected or unpro- 
tected hydroxyl or amino group. 

35 5. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 3, wherein R 3 represents at 
least one member selected from the group consisting of a hydrogen atom, a halogen atom, a substituted or unsub- 
stituted lower alkyl or lower alkoxy group, and a protected or unprotected hydroxyl or amino group. 

6. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 3, wherein R 3 represents at 
40 least one member selected from the group consisting of a hydrogen atom, a halogen atom, a substituted or unsub- 
stituted lower alkyl group, and a protected or unprotected hydroxyl or amino group. 

7. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 6, wherein R 4 represents at 
least one member selected from the group consisting of a hydrogen atom, a substituted or unsubstituted lower alkyl 

45 group, a lower alkylidene group and a group forming a cycloalkane ring together with the carbon atom to which R 4 
is bonded. 

8. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 6, wherein R 4 represents a 
hydrogen atom or a substituted or unsubstituted lower alkyl group. 

50 

9. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 8, wherein R 5 represents a 
hydrogen atom or a substituted or unsubstituted lower alkyl or cycloalkyl group. 

10. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 8, wherein R 5 represents a 
55 hydrogen atom. 

1 1 . The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 1 0, wherein R 6 represents a 
hydrogen atom, a substituted or unsubstituted lower alkyl group, or a protected or unprotected amino group. 
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12. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 10, wherein R 6 represents a 
hydrogen atom. 

13. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 12, wherein A represents C- 
s Y in which Y represents a halogen atom, a substituted or unsubstituted alkyl, alkoxy or alkylthio group, or a pro- 
tected or unprotected hydroxyl group. 

14. The quinolonecarboxylic acid derivative or its salt according to any one of Claims 1 to 12, wherein A represents C- 
Y in which Y represents a halogen atom, a lower alkyl or lower alkoxy group which may be substituted by one or 

10 more halogen atoms, or a protected or unprotected hydroxyl group. 

15. 1-Cyclopropyl-7-(isoindolin-5-yl)-8-methoxy-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid or its salt. 

16. 1 -Cyclopropyl-8-difluoromethoxy-7-(isoindolin-5-yl)-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid or its salt. 



17. 1-Cyclopropyl-8-methoxy-7-(1-methylisd acid, a salt of said 
acid, an optically active isomer of said acid, or a salt of said isomer. 

18. 1-Cyclopropyl-8-dtfluoromethoxy-7^ 

said acid, an optically active isomer of said acid, or a salt of said isomer. 

19. An organoboron compound represented by the formula: 



wherein R 3 , R 4 and R 5 are as defined in Claim 1 , and R 7 represents a hydrogen atom or an alkyl group, or its salt. 

35 20. A pharmaceutical composition comprising a pharmaceutical ly effective amount of a quinolone derivative or a salt 
thereof as claimed in Claim 1 and a pharmaceuticaliy acceptable preparation adjuvant. 

21 . Use of a quinolone derivative or a salt thereof as claimed in Claim 1 , as an antibacterial agent. 



15 



25 



R4 




30 



R3 



40 



45 



50 



55 



34 



BNSDOCID: <EP 0882725A1_I_> 



t 



EP 0 882 725 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP97/00317 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 6 C07D401/04, A61K31/475, C07F5/02 

According to International Patent Classi fication (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 C07D401/04, A61K31/475, C07F5/02 



Documentation searched other than minimum 



don to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (n 
CAS ONLINE 



5 of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



P,X 
P,A 



Citation of document, with indication, where appropriate, of the relevant passages 



WO, 96/05192, A (Toyama Chemical Co., Ltd.), 
February 22, 1996 (22. 02. 96), 
Full descriptions & AU, 9531906, A 
& ZA, 9506713, A 

JP, 8-48629, A (Dainippon Pharmaceutical Co., 
Ltd.), 

February 20, 1996 (20. 02. 96), 
Full descriptions (Family: none) 

JP, 7-300416, A (Daiichi Pharmaceutical Co., 
Ltd.), 

November 14, 1995 (14. 11. 95), 
Full descriptions & EP, 341493, A 
& PT, 90377, A & AU, 8933702, A 

& DK, 8902057, A 
& ZA, 8903053, A 
& JP, 2-231475, A 
& IL, 90062, A 



NO, 
FI, 
CN, 

su, 
us. 



8901698, 
8901980, 
1037507, 
1792416, 
5587386, 



Relevant to claim No. 



1-18, 20 
19 



1-20 



1-20 



X"| Further documents are listed in the continuation of Box C. jH] See patent family annex. 



Special categories of cited documents: 

A- document defining the general state of the art which is not considered 
to be of particular relevance 

"IT earlier document bat published oa or after the inienutioaal filing date 
XT document which may throw doubts oa priority ctaim(s) or which is 
cited to establish the publication date of another citation or other 



-O" document referring to an oral disclosure, use, exhibition or other 
"P" document peblisbed prior to the international filing date hut User than 



t be international fili ng date or priority 
date and aot in conflict with the application bat died to understand 
the principle or theory underlying the invention 

-X" document of particular relevance; the delated invention cannot he 
considered novel or cannot be considered 10 involve an inventive 
stop when the docamen t is taken alone 

T docntpent of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documeius, subcombination 
heiag obvious to a person skilled In the art 

**Jk** docament member of the same patent family 



Date of the actual completion of the international search 
April 15, 1997 (15. 04. 97) 



Date of mailing of the international search report 

April 22, 1997 (22. 04. 97) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



35 

BNSDOCID: <EP 0882725A1_I_> 



EP 0 882 725 A1 



INTERNATIONAL. SEARCH REPORT 



Interoational application No. 

PCT/JP97/00317 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim Na 



JP, 7-300472, A (Zaidan Hojin Kankoku Kagaku 
Kenkyusho) , 

November 14 r 1995 (14. 11. 95), 
Full descriptions (Family: none) 

JP, 6-247962, A (Bayer AG. ) , 
September 6, 1994 (06. 09. 94), 
Full descriptions & DE, 4301246, A 
& EP, 607825, A & NO, 9400039, A 
& AU, 9352561, A & CA, 2113513, A 
& FI, 9400216, A & ZA, 9400332, A 
& SK, 9400053, A & CZ, 9400100, A 
& NZ, 250681, A & US, 5457104, A 
& TW, 266213, A & AU, 9642033, A 

JP, 6-199835, A (Hokuriku Seiyaku Co., Ltd.), 
July 19, 1994 (19. 07. 94), 
Full descriptions (Family: none) 

WO, 94/10163, A (The Proctor and Gamble Co.), 

May 11, 1994 (11. 05. 94), 

Full descriptions & AU, 9454097, A 

& ZA, 9308089, A & FI, 9502049, A 

& EP, 666853, A & NO, 9501640, A 

& CZ, 9501097, A & SK, 9500547, A 

& JP, 8-502750, A 

JP, 3-86875, A (Pfizer Inc.), 
January 18, 1995 (18. 01. 95), 
Full descriptions & EP, 413455, A 
& WO, 91/02526, A & AU, 9061042, A 
& CA, 2023217, A & PT, 94998, A 
& CN, 1049501, A & ZA, 9006450, A 
& FI, 9200632, A & NO, 9200599, A 
& DD, 298399, A & JP, 7-149758, A 
& IL, 95331, A & CZ, 9004027, A 
& FI, 9604520, A 



1-20 



1-20 



1-20 



1-20 



1-20 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



36 



EP0 882 725 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP97/00317 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 
This international search report bas not been established in respect of certain claims under Article 17(2X») for the following 



1. [X] Claims Nos.: 21 

because they relate to subject matter not required to be searched by this Authority, namely: 
Claim 21 pertains to methods for treatment of the human body 

by therapy. 



2. Q Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box n Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



Q As all required additional search fees were timely paid by the applicant, this international search report coven all 
searchable claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite 
payment of any additional fee. 

3 ' n M some of lhc required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4 - j | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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